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Tragic end 
for the beached 
whale pod 


This is one of five sperm whales stranded on the 
beach of Texel, a Dutch island, in 2016. Locals were 
unable te return them to the water and they died. 
But why did this pod end up here in the first 
place? Scientists still don't know exactly, but 
the ve been doing it in greater numbers, Sea 
pollution could affect mental development, 
while ship and submarine sonar could 
interfere with the whales’ 
echolocation. 
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Fireworks Galaxy flare-up 
baffles scientists 
Words by Brandon S$pecktor 
on't be alarmed, but the Fireworks recent study published in The Astrophysical A neutron star, the ultra-dense corpse ofa 
Galaxy is exploding. Admittedly, it's Journal provides a few poesses. The authors of once-mighty star, could alaoa be the culprit 
heen exploding for awhile - at least the study, who glimpsed the mysterious blast here, Neutron stars exerta gravitational pull 
since 1907 |zive or take the 25 million years olenerpy by chance while studying billions of times stronger than Earth's. 
that light takes to travel from that galaxy to supermovas inthe Fireworks Galaxy. saidthe However, these stellar corpses spinso 
Earth), when astronomers first glimpsed a mystery explosion likely involves one of the Hazingly fast thatit can be impossible for 
large star erupting intoa supernova there. most powerful objects in the universe nearby debris to reach (he object's surface. 
Since then, scientists have detected nearly a Possibly a black hole or neutron star - tearing Sometimes, however, a wobble ina neutron 
dozen stellar explosions in the galaxy, but apart one ofits stellar neighbours. While star's magnetic Geld can slow the object's 
none quite like a mysterious green blotch of ack holes are black, thelr outer ed pes glow rotation enough for debris to pet pulled inta 
x-Fay light recenthy obseraed, with intense radiation when nearby objects the star's glowing halo of destruction, a 
What makes that blotch special? For pet pulled into the black bole's orbit. feature similar to what might swirl arounda 
starters, it's nota supernova. The x-ray It's possible, according to a statement Hack hole. The pulling in of debris could 
Aanature detected by NASA's Nuclear accompanying the study, thatthe sourceotthe resoltin the sudden appearance and 
Speclroscopic Telescope Array (NuSTAR}islar green blastisa black hole thal devoured a disappearance of an x-ray blast, like the one 
more energetic than atypical supernova. But nearby star, Asthe black hole's overwhelming seen here. [ithat’s the case, another flash of 
more importantly, the energetic x-ray blast fravity rips that star to shreds, stellardebris radiationis likely toappear in the same spot, 
also appeared and disappeared from the could start spinning around the hole, The following a future magnetic held wobble. 
palasxy in about ten days =a brieler debris closest to the hole'seventhorizoncould Scientists will continue monitoring the 
appearince than asupernova, which can orbit so quickly thatit pets hondredsottimes Fireworks Galaxy for possible repeat 
brighten and fade over hundreds of days. hotter than the SuninourSolarSystem.The performances of this unusual x-ray event, E 
$0, the greenish blast of invisible energy 1s debris could then radiate x-rays as it pets waiting for another unhocky star to go out a 
probably nol a supernova, Whal is il, them? A sucked inte oblivian. with a bang. i: 
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‘Chemical exposure’ linked to 
mysterious vaping disease 


Words by Rachael Rethrer 


he number ohmericans struck with 

doyslerious, vapirie-relaled (ug illoesses 

ig rising. The Centers for Disease Control 
and Prevention (CDC) has announced thatitis 
aware of qgo possible cases of severe linge 
Unesses linked to vaping thatare wider 
investipation im qq U5 states. Three deaths have 
heen confirmed in conection with these 
Hincsses, Many of Che pathentsare teens or young 
AUIS. ALL palbenls reporbed weing e-cigarebles, 
and many used the devices 0 vape marijuana. 

So far, the cause of the nesses is unknaiam; rie 
single vaping device, product or substance has 
been tied tuallolthe cases, said Dr Duna Meaney- 
Delman, the manager of the CDC's investigation. 
Officials believe ‘chemical exposure’ is likely ta 
be behind these nesses, but much meare 
inlurcoulion is needed, Meanmey-Deleoin sai, 

The CDC announcement coincided with the 
Telease of several new reports on vaping-re lated 


Tlnesses, One, gublisherdin The Mew foelend 


Journal Of Medicine, describes 93 patients from 
Wisconsin arid Witois who developed respiratory 
symptoms after vaping. Most of these patients 
were young, Male and healthy prior te their 
ness, Patbents had symptoms such as shortness 
of breath, coughing and chest pain, maused, 
vomiting, fever amd weightloss. All of the patients 
had vaped within the poor three months, and 44 
per cent reported vaplnag man|uana produwets, 

The reporl seems bo sugeesl Waal voping-reliled 
lung ilnesses area new phenomenon, and mot 
something that simply went undetected in che 
past, The rate of monthly emergency Poon visits 
for sewer) lucie Ulness iyoung adults was twice 
as hizhin june te August 2019 25 the same months 
in 2014, the stucty inund, 

The COC recommends that people consider nat 
uflig @-cisarelles wile be irvesilipalion is 
ongoing, and should not be used by children or 
adolescents, young adults, pregnant women or 
adults who currently doen't use tobacce products, 
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STRANGE NEWS 


Woman 
pecked to 
death by 
rooster 


Words hy Rachael Retiner 


woman in Australia who wes attacked by 


arooster died alter the bird's pecking 
caused rer leg to haeneorchage protusely, 
according to 4 new report ofthe cease, 

The ph-yearold woman was collecting 
chicken eggs on her rural property when an 
depressive rooster began pecking al beer 
lower-lett leg, according to the report, published 
inthe journal forensic Science Wedicineand 
Pathologk The pecking bed toa “sienificant 
haemorrhage,” which caused the veoroan to 

collapse, the report said. An autopey revealed 
nao stinall lacerations on her leg, ane ofyhich 
was over a la Tan varicose vel, Doctors 
eorveludked that the sorta died beoco 
“Exsanguination” due to bleeding tram a 

. varicose veln following the roeneter attack, the 


report said 
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“Attacks. bry 
POOSTEMS ane 
yery rare” 
say authors 
of a meee 
report 
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Varicose veins are usually net harm. Butin 
rare CASe5, they Can cause complication ce 
including bleeding that is dificult to step, 
ecoording to the NHS. Ina 2012 report published 
in che journal Ae Vesearch Motes, researchers 
from Greece described the case ofa 66-year-old 
won who died [ron bleeding due boa 
ruptured varicose vein. Underlying conditions, 
Such as heart disease, nay increase the risk of 
death from varicose vein bleeding, 

Attacks by mostersare "very care.” Or Roger 
Byard, a professor of pathology at the University 
of Adelaide and co-author of the neve report, told 
the Australian Broadcasting Corporation (ABC), 
“This Gage Cenbonsloates thant ewer sniall chomestic 
animale may be able to inflict lethal injuriesin 
indivicials fthere are apectfic vascular 
vulnerabilities present,” the repert said, 


STRANGE NEWS 


First left-handed genetic 
markers found 


Words by Rachael Rettner 


titulisle han discovered Ue lire! genetic 

markers tied to being left-handed, 

according tae new study. In addition, 
these penetic markers may play roles tq brain 
development aod coccoucication Sebweert 
diferent brain areas, the authors said. The 
findings, published in the paumnal Anain, “Shed 
conslderably more lighton the [atelogicall 
processes leudire bo bel aces desss,” sludiy 
lead author Dr Akira Wiberg, a research fellow at 
the University of Oxford, said ina statement, 


lett-harvded., Scientists hawe krowen that genes 
contribute to being let-handed, but they didn't 
know which genes ate involved. In the neva 
study, the researchers analysed the genomes of 
HEWUL 4oo,oon people it Lhe UE whose breath 
recomds and genomic data are part ofa database 
known asthe DE Biobank, Of these, about 38am 
were left-handed, 


The researchers loolved Jor ditterenoes in thee 


STRANGE NEWS 


bel -lauathedL Thieme od Les) markers were 
located in genes that provide instructions for 
making proteins invalved in brain development 
and smnucture, Por example, sone of (ese genes 
were involved in the setup of microtubules, 
which make up the 'scattelding’ inside cells, 
knw a3 the cytoskeleton. 

The researchers also analysed brain scans of 
aboulww,eoo par licipents wood lownd Wil Woese 
renetic markers are linked with differences in 
the brain's white matter - long nerve hres that 
allow areas of the brain to comimurnicare, IF 
pairliculig, the ditberences yweere cost 
pronounced in tracts connecting language 
related regions in the brain. “Wwe discovered 
that, indeft- handed participants, the language 
areas ol Lhe lell and right sices ol Ute brain 
communicate with each other ina more 
coord inated way,” Gr Wwiherg said. 

This finding suggests that left-handers might 
have an acvarttape when ihournes bo pron mig 
verbal tasks,” but much more research would be 
needed to show this, he sald, 
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This phota of Messic 
from 1994 turned out 


ta be a heae created 
with. toy suomerine 
a and 2 fake see 
monster body 


Loch Ness contains no 'monster' DNA 


y Tam Metcalfe 


2 Loch Ness monster has haunted a 
deep Scottish lake for more than1,o00 
years in imagination, al least. Bula 

scientific survey of the waters of Loch Ness 
found it contains no traces of "monster" DNA 
at all, adding weight to the already likely 
prospect that ‘Nessie’ docsn't really exist, 
Geneticist Neil Gemmell of Otago 
University in New Zealand said an 
> environmental DNA sorvey of Loch Nessa saw 
na Signs il was home to any Param | repliles or 


wea bowibwoarksdnoili com 


aquatic dinosaurs - a theory sometimes used 
to eaplain the mysterious monster, which has 
reportedly been seen several times since the 
19305. Gemmell said the survey revealed DWA 
traces of more than 3,000 species living 
beside or in Loch Ness -inecloding fish, deer, 
pigs, birds, humans and bacteria, But "we 
did not find any pliant reptiles; we didn’t find 
any reptiles at all," Gemmell told Live 
Sclence, “We tested a variety of ideas about 


pian slurgeons or catlish thal might be here 





from time to time, but we did not find those 
either," he explained. 

One thing the researchers did find is that 
Loch Wess contains a lot of eels, And the 
researchers say itis possible, although 
unlikely, that sightings of Nessie may 
actually be sightings of overgrown cels. "Out 
of the 250-odd water samples that we took, 
pretty much every single sample has got eels 
in it," he said. “But are they glant eels? I don't 
kine,” lie Saiel. 
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It saved 
ancient 
scrolls from 
destruction 


Words by Brandon Specktor 





= he Dead Sea Scroilsarea marvel, Buried 
lor roughly 2,000 years under piles od 
debris.and bat guanoin a chain of caves 
inthe judean Desert, che colleccion of nearly 
1,000 [ragien bed manuscripts includes biblical 
texts, ancient calendars and early astronomical 
nbservations. Among these mysterious artefacts 
—many of which ane now jst raged scraps of 
parckinent — one impeccably preserved 
decurnent stands out 
The Temple Scroll, named for tts description of 
a jewish terople that was never butt, ts one ofthe 
longest [elght melres long), Thinnest and easiest 
scrolls to read. Why, out of thousands of faced 
fragments found in the Judean caves, has the 
Temple Sctoll fared so well after pwn millennia? 
Ina new sludy published in the journal 

Science Advances, researchers atbecupted te tind 
nut by ecrutinising a piece of parchment using 
every xTay and spectroscopic tel at their 
disposal. They found thal the sere!) did indecd 
have something its ancient siblings did not—- 
traces ofa salcy mineral solution not presenctin 


Soyur MiS-14 landed L440 
kiluenelres southeast of 
the lawn of Zheckazgan 
it RazakheLar 
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The Teragle Scrall - one 
of the barmgest and 
best-preserved of the 
Dead Sea Sorel 


any other previously studied scroll, nor in amy of 
the caves. orin the Dead Sea itself. "Understanding 
the properthes of these minerals is particulary 
critical for the development of suitable 
conservation methods for the preservation of 
these invaluable historical dacuments,” the 
researchers wrote in the snady, 

Priar studies revealed thal thee Temple Serall 
was Unlike most other Dead Sea trapments, in 
that it wre composed of several distinct layers; 
anorganic layer made ofthe anitnial skin that 
sereed as Lie purchirent's base, and an inerganic 
lawn ob miners that cuay have beer rubbed on 
during a parchment ‘finishing process. 

Te figure cutwhat this inorganic layer wes 
made of, and whether ilwas rubbed there 
intentionally, the team studied a fragment of the 
Temple Scro]] using x-Tay scans and Raman 








spectroscopy -a technique that reveals the 
chemical composition ofa substance by 
watching how laser light scanters of 


various chemical clement. The researchers 
downd that the scroll wae coated ina mixture of 
salts made from sulphur, sodium, calcium and 
other elements, However, these salts did mat 
match clements lout naturally on thee cave Door 
orinthe Dead Sea, ruling outa natural origin. 
It's possible chat this salt onating has 
contributed to the Tenple Scrall's uniquely 
well-preserved appearance, lhe beam wroke 
- but it could also be an inprediertt in the seroll’s 
eventual destruction. As the salte detected on 
dir, Lacie presene: coule “aenelerabe [Lie acral] 
depradation” it mot stored properly, the authors 
alsn said. 
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A solar visitor is seen in the aurora 


Words by Stephanie Pappas 


strong solar storm has broupht the 

northern lights further south than 

usual, and it may have included 
something different than the aurora: a solar 
visitor dubbed STEVE. Researchers discovered 
STEVE, short for the strong thermal emission 
velocity enhancement, in 2016. 

What makes it strange is that its light comes 
trom across the spectrum, without the peaks 
in particular wavelengths that characterise 
regular auroras. “The blg thing is we can 
clearly say now, ‘T's nol regular aurora,” 
University of Alaska Fairbanks researcher 
Don Hampton, who recently analyzed a STEVE 
event from 2018, said ina statement."Its.a 
new phenomenon = that's pretty exciting.” 

The northern lights occur when charged 
particles from the sun excite electrons in 
Earth's abnoaphere, 49 a result, these 
electrons first mows loa higher energy stale, 





then settle down to their original, lower 
energy state. As they do so, each one releases a 
photon, a particle of Wht. The colour of the 
auroral light depends on the molecules the 
charged solar particles hit. If they hit oxygen, 
preen and yellow result, for example, while 
nitrogen tends to make red and violet, STEVE, 
though, consists of light from across the 
electromapnetic spectrum, with aslight boost 
in the red range, explaining the phenomenon's 
mauve colour. 

The new findings confirm thal the particles 
that produce STEVE are quite toasty. "When 
you turn your electric stove on, those coils pet 
red hat, right? lf you lool at itwitha 
spectrograph, you would see broadband 
emissions,” Hampton said in the statement. 
Similarly, STEVE's broad range of wavelengths 
indicate heat. “So, this is ke very, very warm 
atmosphere emissions of some sort.” 


The researchers made their measurements 
sing a new Piece of Earthbound equipment 
called the Transition Region Explorer (TREX) 
spectrograph, which measures light 
wavelengths, Using this instrument, 
investigators captured a view of STEVE om io 
April 2018, near Lucly Lake, Saskatchewan. 

As has often happened, STEVE was 
accompanied by a green "picket fence’ 
Phenomenon, which consists of vertical, preen 
bands of Nght that cross STEVE's usual pink 
bands. By looking at the wavelengths, (he 
researchers comiirmed that the picket fence is 
a variation on the sual aurora. 

The next step, Hampton said, is to igure aut 
how or IPSTEVE affects humanity, Solar 
storms that cause the aurora can also disrupt 
satellite communications, and it's not yet clear 
whether STEVE does the same thing or if its 
impact differs. 
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The southern black- 
throated finch & Fought 
fo be extinct im Mey 
Souths Wales, with only 
1,000 lett in Queensland 


‘ANIMALS: 
Australian 


students in big gy 
save finches iy 2 


Words by Yasemin Saplakoglu f { ‘aa 
; i 


Primary school in Australia is breeding H ¥ 
A endangered finches - but although the program is i " 
bringing awareness to the binds’ plight, it wagn't Tea 
save them, according to the Australian Broadcasting ie 
Corporation (ABC). Vy. te 
The southern subspecies of the black-+throated finch, ’ . 4 
called Poephiila ciacta cineta, is native to northeast i th 
Australia, [tis thought tobe extinct in Wew South Wales, é 
and only an estimated 1,000 are leftin the wild in 4 hy 
Queensland, according ta the ABC. wy 
Bul inside the classroom, they're thriving. Brett zh, 
Murphy, ascience, technology, education and maths \ *4 
(STEM) teacher at the Belgian Gardens State School in 
Australia, created the breeding program seven years ago, 
and with the help of his students has been successfully 
breeding the finches for the past six years. In the breeding 
program, the team now cares for 120 finches, which % 
includes the black-throated finch | Poephila cincta) and ye 
other species, such as the Gouldian finch | Erythrera ™ 
poudiae). Students take care of these birds daily, feeding 
them and making observations of their health. 
But while the breeding program 1s useful for ralsing 
awareness and appreciation, it will not save the finches 
outin the wild, Tony Grice, a member of the Federal 
Black-Throated Finch Recovery Team, told the ABC. The 
tain threat to the species 1s habitat loss, he sald. These 
finches thrive in open, grassy woodlands will walter 
nearby, "Some of that loss is historical, and some, more 











recently, is loss of the woodlands it prefers to live in and = e 
degradation of those woodlands in various ways," Grice " 
said. Breeding birds in captivity won't provide that habitat. 
< i, 
“In the breeding program, ae 
the team now cares for rf, 


120 finches” ne 
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Spanish babies develop 
‘werewolf syndrome’ 


Words by Isobel Whitcomb 


arents in Spain started panicking this 
= summer when 17 children and babies 

mysteriously came down with 
hypertrichests, ov ‘werewolfsyndroame’, a 
condition where their bodies and faces became 
covered ina dense layer of hair, according to 
news reports. 

At Hirst, doctors couldn't figure out whatwas 
wrong. Was il genedic? A metabolic disorder? AL 
the end of August the Spanish Health Ministry 
finally announced that it had discovered the root 
of the problem. Ina pharmaceutical mix-up, 
babies across Spain had been 
inadvertently dosed witha 
medication for alopecia, or hair 
lass. All the affected children 
had one thing in common: they 





were all talking the same medicated formula that 
supposedly contained omeprazole, a drug used to 
treat acid reflux disorders. 

Early in July, the drug was identified asa 
suspected culprit for the condition and pulled 
irom the shelves. A later investigation by Spain's 
Agency for Medicines and Health Products 
JAEMPS) revealed that instead of omeprazole, the 
formula the babies were drinking contained 
minouidil, a drug used to stimulate hair prowth, 
The mix-up happened when, at some point in the 
packaging process, the medication was 

mislabeled as omeprazole. 
Unlike people with genetic 
hypertrichosis, the babies affected 
won't stay hairy - the excess hair 
should fall eul altera few months, 





AIR A 
AMBULANCE |“ 





AVAILABLE AT 


HAYMES Ooh 
AND ALL GOOD 
BOOKSHOPS 


APP SIMI 


ARP Ue ae 





K Ring 


Price: £99.99 (approx $125) 





With contactless payment quickly becoming the 
norm, wearable technology like the K Ring is 
making it easier to make a purchase, Enabling you 
to wear your card on your finger, the K Ring can 
riake payments to anywhere that accepts 
Mastercard contactless payments. With no need for 
charging of pairing with a smartphone, the K Ring 
makes sure you've ahways got a way to pay. 


















Chakra 


Price: £129.99 / $199 





Bellabeat has become one of the leading companies 
for combining women’s fashion and technology. 
With an entire range of wellness trackers, the Leaf 
Chakra is a great addition te your arscmal of 
wearable technology. Wenn as cither a pendant or 
clip, this piece of high-tech jewellery can keep track 
of your sleep, meditation, fitness and reproductive 
health. Set reminders, alarms. and follow in real 
time how your body ls performing throughout the 
day with the accompanying app, jam-packed with 
your daily stats. 


020 Howe it vVorks 


Vue 


Price; From $249 (approx £205) 


So far 2019 has seen an increasing number of 
launches for smart glasses, gach with their 
own approach to streamlining the way we 
receive information from our phones. Vue is 
ne exception. Designed with style in mind, 
these sleek glasses use bone-conduction 
bechnmaogy to play music and phone calls in 
your ear. Once Bluetooth-paired with a 
smartphone, the wearer can change songs, 
answer calls or request the time with just a 
swipe or tap of the frame. 
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My Skin 
Track UV 


Price: £54.95 / 559.95 





Basking in sunlight on a tropical beach can be 
great for the mind, but terrible for the body if 
you don't protect yourself fram harmful Uy 
radiation, My Skin Track UV wearable sensor 
works to keep you protected in real time. 
Personalised to your skin type, tone and 
concerns, this compact sensor can albert you 
when you'we spent tee long in the sun and 
when it's tine to bop wp your protecticwn. 
Using the app you can monitor your daily 
progress and also receive in real time 
humidity. pollution and pollen updates. 
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Price: $29 lapprox £75) 





lf you often find yourself stumbling through 
your wallet for the right credit card, ID or 
gym membership, then Ekster's smart 
wallet is for you. Coming in a range of 
styles and colours, this trigger-controlled 
wallet reveals your cards at the towch of a 
button, Making sure you're never without a 
way to pay, Ekster's range of wallets come 
with a pouch to house Ekster’s tracker card. 
It can track your wallet around the world: 
by using the accompanying app these 
Bluetooth-paired wallets can be easily 
located when lost. 
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Lo Micke 


Develuper: LLC Wau AA 

Price: Free! Google Play! App Store 
“Try before you buy’ 
has Qane virtual 
with this augmented 
reality app. Simply 
select the shoes you 
Want to try and see 
them appear on 
your feet threugh 
the phone's canner. 





aoe SMart Closet - 
| Fashion Style 


Develuper: Rabbit Tech line. 

Price: Frees Google Play App Store 
Search through 
clothes from 
thousands of brancts 
and utoad pictures 
of your wardrobe to 
this smart style app, = 
whichs weil coffer cout Fil 
suggestions based on 
your sty ke, 











| Ls | 

a 

= Inkhunter 
Devaoper: INKHUNTER, bic. Kaleryna Khiotkey ch 
Price: Free Google Play / App Store 


Getting a tattoo is a F 
ie 
“* orad 


lifelong cornmitment, 
but with Chis 
augmented reality ape 






you Gain search through 
different designs or 
upload your own and 
virtually oy them out 
on your Skin. 


—s 
EB size 


Developer Siner Technolgies / Bodthy-Pass Ue, 
Price: Free! Google Play / App Store 
Shopping for the right 
size online cam be IZER 
rather challenging. 
bul this bedy-scan 


a) 


bepg ate whe aed 


HPP tah record VOLT 
hody measurements, 
enabling you te buy 
the clothes that fit 
you best. 
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The fully integroted headset for the F-35 ollows the pilot o 360-degree wevw while in the cockpit 


uelashorl drive away [rom Dallas, Texas is 
the town of Fort Worth, hone to the massive 
and supersecure facility where one ofthe 
world’s most advanced fighter jets is built. 
Lockheed Martin tas thousands of people 
working here around the clack om the F-39s. In 
fact, about 18,000 employees worl in the 
aeronalthes business in Fort Werth, it's bon Tarry 
Lo Titon the Door alone Lime, so people work in 
shifts. There are engineers, technicians and 
Tnachinists. Then there are the many people that 
support them as they build the plane: the 
Cleaners, the culeteria workers, the security 
Personnel and so many more. 
, Visitors 2ip down the aisles in carts, carefully 
See = sopping at pedestrian croseings on the way, On 
)  vitherside ol each aisle isa marvel of 
a > engineering - the F-35 coming together, piece by 
7 ; ) Faece swings, cockpits, tail ing, fuselage. 
-_ we Electronic sereens mounted above each P95 
ae —  oshewevvhat country it's destined bor, and hove 
7 . well the workers are meeting their deadlines. 
I's anawe-ingpiring sight tos. something sn 
technologially advanced belong assembled 
belore your eyes. Towards Lhe end, Wie areen- 
hued body transtorms into grey sophistication in 
the painting room, where tan car-simed 
machines called Thor and 2cus assist workers 
with the delicate work. The fitters emerge, 
Cloaked in lovw-visibility grey, and atter a tew 
Tore checks an tea flight lime, where they are 


“Lockheed Martin has 
thousands of people 
working around the 

clock on the F-35" 


Landing year is teste tur — 
‘the first tirne in ther em 
| tacility on this 35 


Tal ck fees kari 
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tested in flight. Each F-35 must passa series of 
fight testa before being shipped ta their 
customers, which include the WK, Turkey, 
Belgium, Denmark, Australia, [srael and others. 
So ina sense, this town-sized tacility is a 
gateway to che entire vweorld, 

The largest building in he foctory was one 
the biggest airconditioned rou in thee world. 
Air conditioning waa fare during the years of 
World War U, when President Frantdin 0, 
Roosevell chose Fort Worth asa location te build 
US bomber planes. But it'sa necessary thine. It 
stops plane parts from warping, which would 
Take construction difficult - and of course, 7s a 
far more comfertabhe environ for vverkers, 

Many aircratt companies worked here over 
the decades, finally ending up with Lockheed 


“Lockheed Martin was 
producing the popular 
F-16 ond Joter the 
F-2e fighters" 


Martin in the iggos, Lockheed Marinwas 
oroducing thee popular Pb ane laver Live F-22 
fighters at the time. But while the company hada 
reputation tor reliable fighters, militaries 
worldwide were itching for something messy, 

Wihal Ley needed was a ‘Tillh-aencration 
fighter’ -a plane that only hada sonal ‘sieneture’ 
In Tadar, Meaning that itwould be difficult to 
detect, They wanted an electronic cockplt that 
the pilot could chariee, so hal Uney would have 
the information needed forany mission. And 
they wanted a fighterthat wasa good bet forthe 
future -something that could Interface with 
drones and could carry Lhe latest weaponry. 

Lockheed Martin's proposal to build the F-35 
wowed the military, and in October 2001, 
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Rise of the modern fighter jets 
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McDonnell 
Douglas F-15 Eaghe 
a | formidable and 
SS nerisevyreble 
werplane, iL’ amang the 


mgel succes [ul ighters of 
the Cold ar, 





ET 
lighter if a wersalile 
and elective svarclane, 
able Lo allack ai and 
ground targets. 
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fe P-LG miulti-roe 


This long-range 
inlerceabor ele 


backoone of Russia's miilary. 


I's armor Une fashest 
airtrall. wil onecision slrise 
ane! Ceferoe abilities, 


Booing F,/A- 
18E/F Super 





Hormmet 
a Based ort aircrafl 





Carers, i's curenthy 
Lhe met capable roll -nve 
fighber. abe vo attack ar ad 
Surlace Larpets 








Dassault Rafale 


H This is a French 
‘rulti-rale fighber 
vilt bie lalest avionics, il is 
able bo track up le 40 
Langels al 2 lime, andis 
eapeble ol lirig at four 
Langels timullaneausly. 





Z THe fightber carnes: 
advanced rnissiles 
wilt modern avionics. and 
hes Trllirge ebililies a: a 
inkerseptor and ggane- 
atlases “ighter. 
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Lockheed Mortin is the prime controctor for the F-35 progrom, with hundreds of UK component suppliers 






7 say a . 


pe 
. 
kK 


SO 


a Ae 


ee OU CORO OO OTELOO OM WOO 
a ||] A VV NUONVNNU ETON TUONO VD OU OTT ENTETOEE 
ey || ON VV ON VOVVONV ON TMA UD ETON TD OU TODD OU ODETTE TUTE 
OOOO 

POUT OQU NTU E ETAT ETO DUTTON 


MI | YLT VN NN VOTO U TOA 








Boeing F-22 Raptor I Awery fast ard ed China's. oven 
E — Almast invisible ba ig thy = mila to Fiz. bul sbeallh fighber, this 





radar, and carries 2 ‘nereuvralde jel, bre Su-3S sialer and wilh only ifth-gener ation jet has 
powerful array ol weepanry 4s capable of aperaling aver one engine. {ls sleell lorg-range 46 sugerioity 
LP extern y atvenced, along rawe and achevirg lachindogy rakes «hard ba Cagebiities. iis alge 
coridered ore of (he beet Tigh allituces, wil carrying Cefect. The F-25B can Leke éble bo Carrs out 
dincrelt aver built alBavy aTpament. off and land verticelb. hogh-speed operations. 
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mt ‘Is ita plane 


or a golf ball? 


The F-35 is covered in something special: 
a composite skin machined so accurately 
the pieces are virtually seamless on the 
jet. This completely eliminates any small 
Jolning flaws that are detectable by radar. 

In the past, stealth aircraft relied on 
epoxy resin between exterior pieces. 
Radar is adept at detecting sharp edges, 
This means it will see any small, sharp 
edges between panels. Even an expert 
layer of epoxy will eventually dry, harden 
and crack, requiring frequent inspections 
and replacement. 

With new technology the panels match 
so clasely there's no sharp edges or 
epoxy to maintain. 45 a result the F-35 
has very low visibility. tf radar catches lt 
at all, what it sees is something more like 
the size of a golf ball. 


The Aecible tee ganitr r FOG) machine 
feforms precision machini ? the jat's skin 
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Stealth fibre coating 


i tl i Ihe jer i onerted woth ragar- 
Inside e F-35B absorbing rratenials, rakiig it seer 
This short lake-olf/vertical landing stealth aicnithastanbasct bel Giscars 
Tighter is designed to operate from ship or land 


Pratt & Whitney 
F135 Engines 
A recke-sleallliy afbe-bur1e1 Jet size 


let erqine, Itean reach Gvenils size is conmidered 


web sles lls in trired: L's 
practical radar rrisile 


anid 4 OOOkpn, 


oo Oapeticastin| 
just atin & 


Unmanned air 
Support 
The jet aad cate un with 
uncrwed oromos, alice 
the pile ta control the: 4] 
eaingmien and find targets. 

Internal bomb bay 

The F-3 her an inteena borne 

bay ba Weep the weancn perylosed 

safe frocn peying radar basins, 


EOTS - Elactro-Optical 
Targeting System 

Infrared search and tracking provide: 
precison ar-ba-ar and air-bo-surface 
targeting har the F-35. 
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Goch high-tech F-35 pilot helmet costs oround $400,000 





































’ AESA radar 


Lockheed wis avarded a conuucl lo develop 
and build the F-35. After a development and 
resting period, F-758 were first operanoanal in 
208, atid today there are hundreds of these 
aircradt flying all over the world in wartione 
operations, and also in airshoe. 

Called the Lightning I, or just the Lightning for 


the BAF, there are three types: the PsA thatcan & : 


land and take olf ona conventional runway: Uae 
F-35958 ‘hower’ pet: and the F-y5C that can be based 
an aircraft carriers, The F-75 1s 50 flexible and 
capable that itcan be used in just aboutany 
ery irorimertt iTiaipeicabhe, 

While the F-95 proeram is based in the US, 
more funding comes from allies that work with 
the US under the North American Treaty 


produchon, including a repair hub nin by 
Sealand Support services Ltd in North Wales, 
Wilh so many F-35s projected lo operate Drom the 
UE, having a repair hub in the ceantry is 
eseendal. Otherwise, every maintenance job 
wattle require shipping the P95 across the ocean 
and back to Lockheed Martin's facility. 

British pilots even pet their own training, 
berause all Koval Air Force and Royal Navy F-95 





Pilots must po through a best acd trainio facility 
in Cranwell. The pilots learn how to operate in 
high e-forees - when forces several times 
stronger than Earths gravity pull upon ther, 


State-of-the- Oraunizalion, or MATO. These allies include the You tan feel this kine of push’ al Lhe boblem ened 
art =“ ug ‘ . - ; 
cockpit UE, which plana to buy 174 F-35 aircratt aver the ofa roller coaster, and it’s the same tora pilot 
The pint can give the life otthe programme, So far, che (7K has a4 when they dive towards the ground orturn 
arnraft ext alrctalt-all the Pas hower variety — stathonesd quickly, ALCranWwell, the facility can take a pilot 


rinah ie beakers at RAF Martvarn in Norfolk. Up to nine #s— nine times Earths gravity -inonly 
serull (hrough menus British companies area big part of the F-35 nme second. 


So what ts the F-95 knew for, ariom_e all the 
other flohter jets available? The F-96 ts tullt for 
steal. The machinists must be corelully 
trained because even small pape in between 
parts of the fuselage ar wings show up clearly on 
radar. Inthe past, machinists weed bo put inan 
ppoxy-asortula glue —to keep every thir, 
together. However, the epoxy cracks over time 
and needs to be repaired. The new process 


"The F-35 is so flexible and copable 
thot it con be used tn just about any 
environment imaginable” 


Pilot helmets 
The he rnet corrects te pilot 
and jet. and apie can mare a 
taeger sroply by keokding 2 it 





Tae mast advanced anc 
largest racer anbear2 on 
an aircraft, it can scariin 
ary cirectior 
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Building the F-35 


How the majar campanents of the F-35 come 
together at the factory 


Forward fuselage assembly 

The nase and oackelt section are asservaked bn the 
forward *yselage section. using precision robahes anc 
automation, Parts are x-rayed for inpartectians, 


a 


Wing build section 

As the largest pact of tie F-25. the wing is quilt in ome 
diecs. pu) bones used, ad asserby stations are 
werticaly adjuctable for faster ascermbly at each station. 








Putting it together 

Sectronic mate and algnernent systend’ stations use 
arenskin tools, lie lasses and alignment comparters, 
assemble stealta camponents wth high precision, 





Ready to go 

i the final aeembly, the contral services, angie anc 
firal louches are added, before Whey head bo final creck: 
on fuel sysberne, Night beets and radar onges Section Leste. 
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425+ 890+ 


The rmiber of 7-358 the factory bes 
praduced and delvered bo the world’s military 





Chaar ad oiots fier deer 


trained tn fie the F-35 


The FaS isa singke seat 
stealth poocision fighter jor 


“While it feels simple to the pilot, this 
technology is some of the most challenging 
engineering undertaken in a stealth fighter” 


Cockpit assembly ane 
preparalices are made 
for the F-35's 

low-siebilily paink job 














OFD YOU KNOW? Pilots receive extensive troining in simulotors thot mimic extreme occelerotions ond high g-forces 


8.6 miiiion 18 >. | 








Fah commuter systercs hier as mary lines The: rumen of bases workivedice Chaar 20.000 Flight hears 
of softevare code as modo wides gamics thatar homita Fans hevil boon ogged in Faas Blokd Retions curpenty opernce bf 
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vertical landing (STOVL) 
With the push of a button and a verbal command, the 
F-356 jet transforms around the pilot from conventional 
flight mode to hovering mode. It looks like a tractor 
beam has captured and held the jet in place, bocked in an 
indefinite hover until directed othenvise, This is possible 
because of an engine that can swivel 90 degrees during 
takeoff or landing. 
2 The pilot is connected te the jet through the flight 
» belnvet, with full control through voice and physical 
commands. The STOVL technology is some of the most 
challenging engineering undertaken ina stealth fighter, 
But even rookles can fly this, as the jet ls no more 
complicated to fly than many sophisticated drones. 
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Beast mode 


The F-35 can carry 2,600 kilograms of 
inbennal weapons in sbealth mode, 
penetrating into enemy tenitory virtually 
unneticed. Gace air dominance is 
established and the skies belong te the 
F-35, if can head back for restocking. 
There, it is converted to “beast mode' = 
withaul the need for stealth - patrolling 
with up to 100000 kilograms of internal 
and external weaponry. Combi 
stealth,beast weapon capabi 

the potential te contre! drones and 
robotic wingmen, you can see why the 
F-35. rules the sky. 


meas the F-35 is built to last and shouldn't meed 
to visit the hangar tor repairs quite so often. 

[Fy lowe wicen gatnes, the Pa cockpit is a 
fuumer’s Urea. The design isso secretive thal 
very few people know whatit looks like. But trom 
what pilots say. it’s like playing with the best 
iPad ever, Long gone are the days where there 
were a hupe nunober of dias and nothing could 
be changed without taking apart the cockpit. 
The F-95's cockpit is fully electronic, and pilots 
can call up data they want to see, lenoring the 
olber sul thal isn't necessary for the mission at 
that time. 

Virtual reality fame will aleo love the helmet, 
which isasimilarly secretive technology, 


Which 
countries 
have F-35s? 
1, Japan 

2. israel 

3. Australia 

4. Italy 

5. Norway 

6. South Korea 

7. United Kingdom 
8, United States 
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Lockheed says that pilots wearing this headset 
can not only view things in frantof them, but 
they can even look at the Foor and - thanks te 
special cameras mounted wider Lhe plane -see 
the terrain whizzing by widerneath. No enemy 
fighters can smeale up onan F-35's belby that's for 
sure, [Frhere are friends fying nearby, each 
pilot's hele! can include Lie view Uae olher 
Pilots see as well So F-95 pilots can help their 
buddies in combat, or se ary obstacles that 
other planes might miss. This enables a whole 
new era of leamework, 

4nd speaking ol beamvork, an F-35 pilot car 
Also work closely with unmanned ‘drone’ planes 
that may he assisting in the mission, Orome 


a heir = 


liter 
rt “od anc! 





Planesarean excellent choice to getup close to a 
target, because itthey're shat doen, the F-75 
pulor is still safe, Using che cockpit and helmet, 
ihe pilol watches whl the drone is doing and 
tan provide guidance as needed. [t's a neatsetup 
that wll become more common as drone 
technology improves, 

This moans thal the F-s5 jelnot only works bor 
today but is also a fehter jet ofthe future. The UE 
and other military forces around the world hope 
tose this fighter jet for the nest generation 
Perhdips ever Wp Lo apo, 

So LE you haven't seen one yet, go to your 
nearest airshow and see this futuristic ighter 
race chrough the sky for yourself, 

















The F-35 bos the most advonced combined sensor suite of ony fighter or steolth fighter in history 
















F-35 shld ad 
experimenta 
test pilot 


We ask Billie Flynn what it’s 
like to be the first to try out 
Lockheed Martin's new tech 


How is fying the F-35 different to other 
jets you've own? ———— 
Being in the F-35 is like flying in the most 

sophisticated virtual reality and video 

game that ever existed, wearing a helmet 

like Tony Stark wore in the Jron Manand 

Avenger movies. Everything about the F-35 

feels like a science fiction fighter jet. Planes 

before this felt like an old movie. Now, itis 

like living ina Star Wars reality, 





What new slills do pilots need to develop 
to Ay the F-397 
[think the most interesting transition for 
everyone in the F-35 is to understand that 
those video pame skills - and it terrifies 
every mother and father when their kids 
week See Be spend more time on video games - are 
ye ee a directly applicable to understanding how 
e ey ea : 3 \) an F-34 is supposed to be used. We see 
% \ \ by around our aircraft for hundreds and 
‘ as. * \ 1 hundreds of kilometres [in all directions). 
ES. 7% \ Our touchsereen iPad displays are filled 
it } | with the most sophisticated information. 
"th “i é' Someone who is skilled at video pames will 
~— | od adapt to that level of sophistication and 
, complexity far better than an older 
penetration of pilots. 
































=~ - ey , 
‘hp z Fas \ a s, How adaptable is the F-75 to the 
, i: technologies of the future? 

SPR, ; ..... Weare atthe beginning of a lifetime that 
will last 40 bo 90 years. We're poing to 
expect our F-95 to evolve, to do so many 
things differently in the air and on the 

= round - and for our troops - than we ever 


-_ thought imaginable at the beginning of its 
*, : lifetime. We have an extraordinary cockpit, 
‘+ with an aircraht powered by 8.6 million 


lines of software code, just in the beginning 

of its lifetime. We can adapt over the coming 

generations todo things we never thought 
% possible when we first... designed the plane, 
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ANNIVERSARY OFFER 


FREE DK 
of Science book 
when you subscribe to 
How It Works 























EYE-POPPING 


ip. 
IMAGERY ~ ——™—~J , 
Amazing photagraphy 


that shows and 
explains how 
chemistry, physics 
and biology work. 


ULTIMATE GUIDE 


With 320 pages packed 
full of astounding 
close-up images, 
Explanatonum of 

Science is the ultimate 

guide to how the world 

works, explaining every 


ILLUSTRATION- 
aspect of science fram | Bisa 
gigantic galaxies to oe | ‘ ye Whether it’s elaments, 
tiny cells and miniscule ~~ iB yi i evolution or energy, 
atoms. | : EERE 


the world of science 
is brought to life by 
stunning photographic 


explanations that answer 
Peels the biggest and smallest 
questions about our 
Foreward by Rabert universe. 
Winston. 
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WHY SUBSCRIBE? 


® Brilliant value - save money 
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on the cover price 

You'll never miss an issue 

It's delivered direct to your door 
» NEW! Exclusive Augumented 
Reality (AR) experience 



































Three-month 
subscription to How It 
Works in print, plus a 
free Explanaforium of 
+ Science book 


Three-month 
subscription to How 
It Works in print & 
digital, plus a free 
Explanatorium © 

of Science 
book 
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THE MAGIC OF 


CARBO 
CHEMIST 


Discover how this protean wonder-element can make more 
than 9 million different chemicabcompounds 
s 


Words by Laura Mears 


& arbon i 30 versatile and 0 Important 
that the Reval Society of Chemistry 
callit the ‘Ming of the elements’. It's 
everywhere, and we we it for everything. 

Carbon sits at position six an the periodic 
table. It has six protons, six neutrons and six 
electrons. Two of those electrons fill up an 
e@lectron shell close to the nucleus, while the 
other four sit ina halfempty shell around the 
oulside. These outer electrons, knwo as the 
valence electrons, are the key to carbons 
incredible properties. 

The electrons in an atom’s outer shell are 
the ones that take part in chemical bonds, 
How many bonds depends on how much 
room there isin the shell, and the amazing 
thing about carbon is that it's got space for 





four. This means that it acts like a plumbing 
cross-picoe, becoming a lowr-way commector 
that links ditterent atoms together. It can 
build straight chains, cheins with branches, 
and chains joined end to end to male loops, 
And it doesn't just bond to itself, The edges 
of carbon chains can terminate in tiny 
hydrogen atoms, making them slippery like 
ols. Or they can connect to other groups of 
tlements, called ‘hinctional groups’, cach 
of which has different chemical properties. 
Carbon works like elemental scaffolding, 
and the shapes, sizes and chemistry of the 
molecules it creates vary enormously, 
Another important feature of carbon is 5 
that, although the bonds it makes are strong, “ 
theyre not unbreakable, Carbon-based 











OFD YOU KNOW? Corbon forms the bockbone of the lorgest stoble synthetic molecule ever mode, the 7o-noanometre wide PGs 














Kinds of carbon 


This versatile element comes in 
a variety of forms called allotropes 


Diamond 


The carkons in a ciamard 

form four bands cack, makng 
tetranedrare tat link together 
to make 30 rogs of sm abaris. 
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midlecules are 
stable enough 
that they won't 
fallapart, tut, 
given the rig ttt 


Dem ce an Lcu baler 
for carbon-based 
life. Andina strange 
way, life and Barth 
have beer workitle 


AMOUNT of erergy, towether to keep it 
they can be that way ever since, 
reveorked Into ; oe Carbon Is Earth's 

: . The: release 100 
someting mew, THis Linercove steal. 


makes carbon the 
perfect backbone tor the 
molecules of life, Pats, 
carbotydrates, proteics and nucleic 
acids (DNAand RNA) are all built around 
carbon. 

There are 190 milion billion 
metric bons of carbon on Earth locday, 
and it’s all been around longerthan 
the Solar System, Chir Sun is the 
pratdchild of the very first stars in 
the universe. It wire born about 4.6 
billion years ago out ota cloud of 
dust and g45 created bya supernova 
explosion, That dust ancl gas 
contained every olde corbor on 
aur planet, and mare. 

Carhon reacts with oxygen to 
male the infrared-trapping gas, carbon dioxide, 
Too TLUCH Gin GHUSe a runaway preenhouse 
attect that makes planets impossible to inhabit. 
just look at Venus -its surface temperature is 
dbo degrees Celsius! 

Luckily, Furth dice’) becore a preentouse, il 
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Buckminsterfullarena 


Tae arigina buckyoal hee BO cearban 
alanis ard & round nshepe. Tres slic 
peal each clier ard mrell easily. 





“Corbon 
Is o four- 
way 
Connector (hey dicand drop to the sea for, 
that links 
different 
otoms 
together" the rocks and releases carbon back 


Earth haga slaw carbon 
cycle on & ind-million-year 
rotation, Carhen dioxide iin the 
atroosphere reacts with weber to make 
carbonicacid, which eats away at the rocks. 
This Teleases trapped calrium. 
Shell-making organisms ln Earth's 
goes corobine Wiel calciua 
with carbon-containing ions to 
Thake calcium catThonare. When 


their remains become litrestorne, 
locking carbon away underground. 
Slowly, this carbon returns to the 
almosphere as Barth's crust shifts 
and shakes. Volcanic activity melts 


into the sir ate rate of around 10 to 
S80 milion metric longs every year, 

Layered over the slow cycle isa bast carbon 
cycle, governed by plancs. They take in carbon 
dioxide and use energy from sunlight te trap 
carbon inorganic molecules. These molecules 
then pass through the food chain, becoming, 


Graphite 





Graghite cocttaire sipoers layers 
af cerbon aterrs a re in Rat 
sheets of femeagore. Che: 


rome free y between Ler 








Otzi the Iceman had tottoos mode using corbon pigments thot ore still visible 5,300 yeors loter 


| 
) THis aerial p= 
a coal mine in 








Radiocarbon dating uses 
the decay of carbon-ld “*y 
fo assess Lhe age of» 

organic ralerial 







Cavite 


Amorphous 


4 ditniedy arangamant of carbon 
ara is ceaminion in co. bt ocethains 
pockrts of graphite and damored, 
with propertics in betwocn. 


bay | 


€ - od 
Nanotube 


These hollow cylinders look Phe rolked up 
ape shat They reset stretch m1 
eed cos bace lest tr bd Py. 


Graphene 


Ais thee wwore's thinness? matenal it is | 
Toller trns thinner than the damectar oF 
ahuman hair. tis strane, lightweight ane 
flexizle - progertics that emake tt weeful in 
arene of industries 





CHEMICAL 
COMPOSITION 


The hiernar oochy tS rrhache Lips 


of these vital elements 


Hee Works O3F 








Cosmic rays 


mend hgh-enengy 





pertices whizzing inte 
Rerth's shiasahere, When 
they hit atoms, they car 
push out evergete. recitrores, 


SS 
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Nitrogen-14 

Moet of the retragen im Earth's 
atmasgherr 2xets a the sompe 
nitragen-_4, which comair 
peotione and seven reuirore. 














Food chain 
Plait: and aniriels dd bree 
ennniats ot carhon. 4 te 


The tarts, carhotyd has 
Peoreins at Pl Eden ads 
in FRc fais. . 






| Start the clock 
ik 

inp 
ald. 


Radioactive decay 
Carbon 14 $ radish, tt 
decaps with aha? ifs of oe 
yoaes, Insing a giretan te 
besncmes mitre de 





Stop the clock 
To wark oub won sameting 2 
eciarbits commare the amount af 
cearbar-l4 ta carber-Lz. 


Ticking clock 


AS tine passes, rnone and 


tore cerbort-lé decays. 
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Eorth is around 0.8. corbon, the Sun is around 0.3% corbon, ond the universe is ground 0.5% corbon 






Carbon-14 

Veter a neulron fils rilrogert-14, 
il pus1es oul 4 probes. This 
rake: carborL) hich colar 


Sik prolore. and eight reubirs. 


Photosynthesis 
Piste: take un covhan cinsise 

fram the atmosghers. Cine in 

cenry 

carken-lé inetnan of carooreLd. 





Volcanoes turn racks inta carbon 
tide, completing the carbon cycle 


foliawe and flesh before returning to the aires 
carbon dioside, 

Carbon has been so fundamental to life on 
OUT planet Chal is very exlelenoce is wow 
inextricably linked to living things. Around 
fo per cent of Earth's rocky carbon is 
limestone, mace from the shells and skeletons 
Ofgea creatures. Most of the restexists os fossil 
fuels, coals, oils and gases, made from the 
compressed remains of plants and animals. 

The story of carbon is written linte the very 


You are 16.5% carbon 

Almost all of your body i made 
up of just four elements. You're 
Sots oxygen. 18.58 carbon, alrmsst 
10% hydrogen and 2% nitragen. 


Pencils beat diamonds 

Graphene is so strong that you 
can stretch it by around 25 per cent 
before It Snaps, Making it stronger 
than bath steel and disrnomed. 


Carbon kills small stars 

Helium fusion makes. carbon, 
bul the Sun & too small te burn it, 
so when the Sun puns out of heliven, 
it will gradually greaw cold and die 


Soot causes cancer 

In 1? 5, doctors noticed a 
strange kind af skin cancer that 
only affected chimney sweeps, 
Conlaminabed soot (reer 
Incomplete combustion was 
triggering the disease. 


Carbon strenglivens Lyres 

Car tyres get their oolour fron 
carbon, bul il's nel wet there far 
show. tt makes the tyres strong and 
pratects Gem fram Ue Sun. 





fabric of our planet, but it's mot timished yet... 
Weare currently releasing around 10 tines 
more carbon late the attosphere than 
voltunoes, aid ils messing will Earth's 
thermostat. Carbon dioxide levels were 280 
Parcs per Toillion 160 Years ago, and Tear 
Lhey he 412 Darts Per mM ilian, 

This incredible element made our planet 
what it is today. Now, the race is on te Gnd 
innovative ways to work with carbon to ensure 
our future 
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Inside a bionic heart 


Swapping muscle for metal, how does this 
artificial organ keep blood flowing? 


ardinvascular disease is one ofthe 

world’s biggest killers, accouentling for 3 

percent ofall deaths alobally Altbough a 
lot of cases are treatable witha heart transplant, 
fading a donor is hecaming 


increasingly difficult: only around ” The roto rp com pact device is constructed 


4.000 earls are available plobially 


each year. SDINS Tinting called selective 
\ r F B 
The creation ofa total artificial propelling laser sintering ISLS). This 
heart (TAH) could fe revolutionary ' = process Invelves repeated 
Jor saving lives. Several ikeralions the blood layers ol lime tilaniuim dust 
have been tried over the past few ground being melted by a lager to 
decades, bur none have had the , Slwhyy print the final form, 
ability bo completely copy the heart's th e body S rhe Bivacor has shown 
function fur more thana dew years. orteries PrUisinpe results during ibs 
The latest and arguably most 3 yy animal trials, with bovine 
Promising development ofa TAH and VEINS jon) subjects surviving the 


comes Lt the form of the BIVACOR, a 
30-prinbedt Lilimiuug pearcip Lal abilities aun 
autonomous Magnetic rotor te circulate blo. 
Cine of rhe common iasues teund tn previous 
TALL technology has been Che physical weara tid 
bear ola device's moving parts. Using magcetic 
levitation (maglev}, the BiVACOR's central 
SpHnTng rotor is magnetically suspended inside 
an clectromapiel bearing. As clectricily passes 
Litroug Lhe migiel Lhe color spine, propelling 
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the blond around the bodys arteries and veins. 
Maglev prevents physical wear and tear through 
norm [riction, dnd iL is thought bo reduce Lhe 
complications that would normally follovs. 
Smiallerthana canof coke, this 


usirita horm of retal yD 







The 
BiVAQOR uses 
maqrelic levilalion 
te mimic the action 
of the hurr heart 


full go-clay test period. 
Hoyeewer, Lee device ie slill in ibe 
development stapes, and no human trials have 
heen carried ot sn far 


Inside an nae 

ot Oeygenated blond is pumped ct 
artificial heart afte device ta supply agen ta 
Discover how BIVACOR uses magnets to the rest of the bey. 
ferry blood cells around the body 


‘Right atrium’ 

Decs yoerabed shied ertbers 
biraugh lhe BiVACORs right inkl 
ard past Lie somriming robar, 


Magnatic 
bearing 
4 genes of 
aeclrcelly 
hanged magnets Sensors 
surround ihe call Sereors manibor the volume of Slo 
CaLsing i to spit enkeing aid exiling the device and ede 
the rover posiboord lo preven, blockage. 





OFD YOU KNOW? Goch yeor 7.9 million people die from cordiovosculor diseose worldwide 


The BVAQOR Is Intended te 


work for ten years ar mare | A change of heart 


The concept of implanting an artificial 
heart isn't anew one. in the earhy 19805 
American physician Robert Jarvik 
designed the first artificial heart, later 
called the Jarvik-7. Made from aluminium 
and polyurethane, the Jarvik-7 housed 
two rubber diaphragms te act as the 
artificial heart's ventricles. With the help 
of an extemal compressor, each 
diaphragm contracted and inflated to 
mimic the heart's natural pumping action. 
Jarvik-? first saw the inside of a human 

chest in 1982, lowered in by the hands of 
American surgeon Or William DeVries. 
The first recipient of the human-made 
heart, 4 G1-year-old dentist from Seattle, 
survived for 112 days following the 
surgery belone the device ultimately 
caused irreversible complications, 
resulting in his death. Two years later a 
second attempt was made, with the 

' | 52-year-old patient surviving 620 days 

. | before a series of strokes browght on by 
. blood clots ended his life. 





: : By 190 the Jarvik-? had been removed 
} a6 an approved form of treatment, but 


a 


the device gave scientists a valuable 
insight for future developments. 
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PULMONARY ARTERY 
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Senarating dacxygenacted and Panes sere lathe mir 


noyoanated bloard, this via a peeculenecus drei 
eile was the driving Uirguigh ihe skew [rei an = 
“Antraisad 5 the: 5 elear ae 
foros besind blood cinculation. eslerial curibaler red : 
bethany worn by the gatienb 
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‘Pulmonary artery" = 
Geaygenatne blond Pars out of “7 
the dew ce ard heads to the lungs iPy ees s 
‘ ror : imonary vein’ & 
ip collect ital axygar. chiasrateel blood maianninn tier t 


foe age ches tia lett ink. 
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Tt took 37 seconds to see the iceberg, poss on the information ond decide whot oction to toke 
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Thousands of people cheered 
as the world’s largest ship was 
launched, but nobody 
anticipated its tragic end 


Words by Ailsa Harvey 


T he air was buzzing with excitement 
ahead ofthe launch of Titanic in i912. 
Measuring 249 metres in length, it was 
the largest and most extravagant ship anyone 
had ever known. Departing for its maiden 
loyage, around 2,200 people boarded Titanic 
along its route from Southampton, England, 
to New York City, USA. For over 1,500 of them 
it would be the last trip they ever made. 

The passengers were a diverse mix; 
wealthy holiday-makers and working-class 
immipfrants searching for new opportunities 
in the land promising the ‘American dream’. 
Due to less space being allocated per person 
in lower classes, there was a third-class 
majority on board. Clasees were stricily 
confined to specific areas of the ship. 

Tilanic was designed to prioritise comfort 
rather than speed, but was comfort also 
Prioritised over safety? Carrying some of the 
Hehest people in the world at that time, it was 
a huge leap forvard in luxury travel, 
Conditions in second-class cabins were 
similar to other croise ships’ first class, and 
Titanic’s passengers were provided with 
ayms, pools, libraries and huge restaurants. 

Problems with the vessel occurred from the 
outset, with a series of accidents and near- 
Tilases. While the deaths of those aboard 
Titanic when it sank are well-documented, 
the first victims were in fact its builders. It 
took around 3,000 men to build Titanic over 
two years. During construction, before the 
ship had even touched water, cight workers 
lost their lives, and there were 28 serious 
accidents recorded. 

Further accidents nearly occurred when 
the ship left Southampton ahead of its 
maiden voyage. When pulling away from the 
port, it came within a couple of metres of 
crashing inte another vessel. Many of the 
passengers were alarmed by this bumpy start 
to the journey but were unaware of how this 
event would soon pale into insignificance. 

On the whole, passengers were confident 
that they were safe while confined to this 
ship, isolated in the ocean, The luxury liner 
was branded ‘unsinkable’ by ship designers, 
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A look at 
the iceberg 


1,600KM 


The distance travelled by the: 
ieeberg before it hit Titanic 


ed 
30 


METRES 


Its estimated height abower 
water = a fraction of what 
lay beneath 


ie 


MILLION 
TONS 


The iceberg displaced nearky 30 
times Titanic’s weight in water 
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“T cannot imagine any 
condition which would 


couse a ship to founder" 


because it was built to stay atloat even with 
major flooding. But this unsinkable ship would 
ao down = both inte the ocean and history, 

During the evening oie April and inte the 
morning of 15 Aprilin i912, just four days after 
setting of, Titanic sank, Two houtsand 40 
Milnes after hitting an iceberg, the ship layin 
pieces below the surkace of the Atlantic. 

Some passengers had always doubted its 
safety, but other people died because they 
refused] to leave on lifeboats, clinging to the 
hype ol Lae waorle's salest ship liner, Why would 
you voluntarily enter treacherous waters when 
you're om a ship you've been assured cold 
never sink? 

The captain also showed the misplaced 
confidence held by mostin shipbuilding at the 
time, Refore his final voyage he said, *] cannot 
imagine any condition which would cause a 
Bip lo founder, | carirol borceive ol any vill 
disaster happening... modern shipbuilding has 
gone beyond that." 

Unsurprisingly, the disaster raised many 
questions about what was acd vent done at 
the time. Every action taken that fatetul might 
has heen analysed and scrutinised during 
inquiries, The wreckage, which still lies below 
the wiler, hie been inspected in order lo 
pinpoint where exactly the design failed. How 
could this tragedy have been prevented? 


Titanie’s spacious baat 
deck was early 20 metres 
Pron Ue ealer Gee 


= am 

Titanic’s cagtain, 
Foward Jahn Smith, 4 
very experancsd salir, 
retires to Als casin for 
the evaring. 
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Fighting ithe flood 


2 thrown inte 


to the damage 


Darkness under deck 
Beon when water cimage cauercs 
None: rons to qm rark List 

2 cracdciqit : 





































officar, “illam burdoch, imererdivtedy 
ardars fhe nlasure of ton evathertight 
doocn in the enginn recmns 


The first cracks 
On the port ice of tha ship, weter 
suitdenke surges inte Holler Rincon Ste 
before the doors canes fully diese 


i ai 
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1 1 ii. il] 1 i 11:35pm 

funmarky bnerwerns tiatit’s Aller enjeyirg a beriecourse The lackauts notice mw ying = Lookout Frederick Flect 
stodped dur ta surrsunding treed, vebiechy evil Le Desir Task near whine the ceberg sgaints the iceberg strait 
ioe. only fo reseevi: an angcy ‘last super’, rast s. they had bineculas weh | ahead. bering: the bell 
resparse for inberupting Tirstslass pecsergers ther, this athe they may three times ard calls bo 
wine es aperabars, return te these pce save Suctbed ib. the Bridge. 
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Titanic hed o conying copocity of 46,328 tons, ond ended up cisplocing more thon 52,000 tons 















Evacuation 
When the wacartegtt doncn are 
locked, faa crew hee: bo ea 
the flanding comaarbrett: using 
emergency lacders. 









Stop 


Cite A alabr eS, 






off the s BAM ‘Aitrin I 


seconds all angines are stil. 








11:40pm 11:50pm 

First Officer Vililiarn Wobor quickly surges inba 
hau hoondars engines to the front sections of the 
Be resersecl turning the shop. Plamen it wilt 
sia. The right se of tre ground four metres of 
Siig scrapes Gre ioe@ueng. cold Aantic water. 





12: 00am 

aptains told the 
shin ark counls af 
hours befrore it sirie. He 
gives the order bo call for 
help over Ue redia 






1:05am 


un order is given to tac 


ver the 
lifeboats and allo 
only waren and 
children ar 


ene ba 





How the water spread 


After colliding with the iceberg, the front of 
the ocean liner suffered damage and five of 
its 16 compartments ruptured. The ship was 
designed to stay afloat with 12 of its 
compartments intact, but with only il 
holding the ship together, it wasn't long 
before the flooded front began te pull the 
bow of the ship downwards. 

The design included a series of emergency 
dears that would clase to prevent water 
spreading. However, the bulkheads, which 
were watertight walls separating the 
compartments, weren't tall enough, and the 
water swiftly spilled over the bop. 

Scientists later discovered that a series of 
thin gashes inflicted on the hull by the 
iceberg allowed water to stream inte the 
dhip, rather than one large slash a3 was 
originally believed, It is speculated that 
the poor quality of the steel used in 
rivets holding the hull together 


i ' 
contributed to Titanie's rapid demise. & 


12:20am 12:20am 
Canathia receives Taanic's The ship's 





2s siqnak. tk gees ba 
assist but is LOF kikamebes 
aevay, The: jouriy evil bake 
binge hours 


Mmusicene move from first 2 
clase ta the deck, iréerding 

to cabn passengers. Hone af 

the musicans vil survice, 
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Tipping point 






Blackout 


Split in two 
Vvith the brea fi 
warn ch 
aakest point, 
















12:45am 1:00am 2:00am 


Tha first of aight distress The water apoears at the Propellers on the 
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=] =| ve Sea leve 


people continue te Inar thr front contin 











O1D YOU KNOW? Some reports suggest thot the entire wreck of the Titanic moy disoopeor in less thon 20 yeors 





Standing vertical 

Strorthy aber, the sterctof the ship res up 
ore rnane, pouring a7) avalanche of Tlaric’s 
orleans Pika Lhe aesearr, 


Vanishing beneath 

Once verbeal, the remaincer af Trharic 
deapoears beers the surface. The nodder 
sweinize bo one side, causing the huge ste to 
spiral the whole 37 sihorebres bo the bet ber. 


yi ee an Sane 
FT ele a ul 
ar re ki 
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So _ ati Laid to rest 

Pee —— The Gow oeshes iba the coset 


‘ete 27 minutes behore the shen 
despite begining its ceacent just 
arolivte earner 











The Cargethea 
arrives bo colecl 
Use survivors ered 
take them to 
heey Tore City 


Tilartic, heving beosen 
rilwe. {rally sipe 
Unicieraaber. Il clair 
the livers 7 1,500 
OaScergers and crave, 


The cuplen ralieees te 
lash crew roenizers [roe 
Uneir dulies. he soar 
arevaunices Dal ibis 
“every men for himnsell, 


wey boi taro k soy coo 


7 
Lacking lifeboats Nv 
Titanic had 20 lifeboats to - 
cary 1.18 of the 2,200 
people. A lifeboat drill due 
that day was cancelhed, 
and in a disorderty 
process boats left 
half-empty. Cinhy TOS 
escapaed iin tharse boats. 
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Lifeboat 7 Lifeboat 5 
L2:45air1 L255a1 
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Lifeboat 6 


Lwarl Vim 


Hanne” “HEU 


Lifeboat 9 Lifeboat 14 


L:20am Later 


GREY Tie 


Lifeboat 16 Lifeboat 12 


L20am L25em 


Guna! Hmm 


Lifeboat 11 Lifeboat 13 


ihm oem 


Peete eeoaese i 
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Lifeboat 4 Lifeboat 10 
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Collapsible C 


Collapsible A Collapsible B 
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Meet 


Stephenson’s 


Rocket 


Discover the single most important 
object in the modern age and meet the 
humble makers who built the modern 
world from their kitchen tables in 
Brass, Steel and Fire at the National 
Railway Museum 


uiltimi829 by English locomotive 

Manufacturers Robert Stephenson and 

Company, Ror ker has hernme ome of the 
UK's most historically significant objects. Lt 
achieved a thert-remiurkable top speed of.48 
kilometres per hour, winning the contact for the 
company to produce locomotives for the railway 
anid se curig Lhe cre iee’s place in hisbory. The 
engine operated on the world's first inter-city 
Passenger railway in yo, ushering in the 
Tai lway age, 

This bold protolype changed the course of 
history with its experimental engineering. 
Throughout the Brass, Steel and Fire exhibition 
you will meet che ordinary people wha, 
fascinated by innovations like Rocket, 
transtormed their kitchens inte makeshitt 
workshops and crafted extraordinary machines 


entirely from scratch, vicars, lace makers and 

4 phobogrape 
of Robert 
Steqhercsan, 


Ininers breathed life into hissing, seaming 
miniature locomotives in makeshiit workshops 
built inside their homes. Discover their 
beautifully intricate homemade creations, 
including some of thee oldest 
ottheir kind. Learn how their 
small-scale experiments 
Tushed the hownedaries oF 


aftar his 


cheineericg, inluencing the 
course ot the Industria] 
Revolution. And for the firat 
the in aovears, yo'|| havea 
chance lo sec Lhe world, 
changing locomotive that 
kickstarted 4 golden era of 
Innovation inaction, as Rocket 
travels Lo York lo complete tive 
final leg ota national tour of UK 
THEFTS, OTBaNIsed by the 

Sc lence Museu Grclp, 


O48 How it Works 


taken 2 yf years 


Rocket success 















How Rocket worked 


Stephenson's most famous invention 
breught tagether several existing 
locomotive innenvalions 


Blastpipe 

This fed the exhaust From the 
crlinders to the bebbarm of the 
#¢, Oulling air thrauety the 


























Tulli-ube eysleri 











OFD YOU KNOW? Some Victorions believed humons would suffocote ono troin trovelling over 48kph from the rushing wand 


Arthur Parsey's idea for a locerrnotive that 
ranan air wee atiead of ils Lime. Inslead 
af slearn. Wiis demonstration model was 
powered by Compressed air front Teo 
oper tanks 


Multi-tube boiler 

Fackel had 25 screlle: cooper fire 
tuses (ithe Gaier Dal carried fot 
eehausl “parr Ue Tineges. MLimace ila 
Ns re een machine, 


‘It achieved a then remarkable top 
speed of 48kph, winning the contract 












for the company” 


This quirky LE20s readel 
sleam erigine was 
redesigned again and 
anain by engineer Simon 
Soalrich as he 
experimented with the 
Lbest lone renthe 









Learn more 


See the orginal Rocket in all tts restored glory in 
Brass, Steel and Fire at the Mational Ralhway 
Museum, from now until 13 fuoril 2020. 


Horizontal cylinders 

Taan evinders neady 1.5 metres long een: 
sct from a horizontal, rather than 2 vertecal 
postin. Ther posthon alowed the psboms 
to cries the weeels direct! y, improving 
@fioency end reducing breakdowre. 








Separate : 
firebox a 
Reming Bie fireboow te 
Fran the beriler 
increased eM iciericy 
ard reduced Lhe 
armour al serrake 
Rockel produced 













a ‘| ; 
eg 





How It Works, Qe)9 





_A 
Water mill 


power houses 


This simple mechanism uses flowing water 


to reduce the need for manual labour n ee 


ooking at the man-made objects that 

auTTOUT you, how Tiaty have heen made 

completely by hand? The answer is 
probably not many. Belore water coils were 
invented, every step in production involved 
manial labour. Water mills provided the frst 
power for man that dent require animals or 
Hus bo produce. 

Using a water wheel placed in flowing water, 
kinetic energy is able ro sustain comalistent 
mechanical energy. The conbination of the 
wel] aed thee mill ikattaches to isa wiater ceil, 

The mechanical output trom these structures 
creatly benefitted cammunities by carrying out 
Jobs such a3 driving saw mills, erinding corn 
dnd Wows, moving pups, raking vegelable oils 
and powering textile mills. Por centuries flour 
was a staple food and in high demand, so this 
production method has helped to leed society 
fron Roce times into the modern period, 


The wheel 
at work 


How did this earhy hydropower 
SOURCE Operate? 


Pushing the 
wheel 


Tae vealer deggs "para 
Peegit As it Pils ug 

wells.on the veel, the 
ceve-sided waaight 

pestis thie wheel chr 
causing tt te tur 


Water release 

Qnee wen for the: pobre, the water 
eons off the wine ane back itta the 
reer for a sustainaake syrterr 
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Diftterent countries developed the system for 
different purposes, While Greek mills were wsed 
lo grind grain, many Syrian mills were used for 
converting cotbor ite cloth. For these textile 
mills, which appeared in France during the 11th 
century, the water's motion was used to lift 
wooden hammers that beat the cloth, 

These simple energy uses come belore Lae 
arrival of steam power or electricity. In the early 
aoth century, similar principles were used ro 
produce sustainable electrical energy, The 
inverction of the water turbine meas that in 
developed countries, water mills were no loner 
as useful. However, there are still over 20,000 
operating in Nepal and approximately 200,000 Le 
India, where Lhey are ollen relied om lor 
Processing erain. 

























Directing water 
River waler is channeled 
throug 4 chule owercs 


the vwaler ‘a eel 


a, 


ae af Sait” — 
Moving the machinery 
78 These retabons canbe used for grincing | 

“*) ard pumping ac king this pies 










Shes 
= “7 lahoricus chore aevay fram humans. wh 
say ‘ 
- = Fo iia ie Pe 2 
f errs, = 6 4 ae iy f.% ; 
+ in fad : — 4 











Constant rotation 
The reeeerrent of ine wheel 
enables be rolglianel anergy 


= tobe sed for ery ling Lal 
a require acinaver mehr. 


Turning the cogs 
Cags ano gears abkbecres 
bo the mil tnarister the 


volalioral anergy fron bie 
wheel bo Ube reechinery. 





WIZARDING 
WORLD 


a 


=s/ |)! 








ow As seen in Harry Potter and 


See, __FVENMORE Magic 


fory 
Mvour collection! 


“The tconic lotemotive from 
the Harry Potter series’ 








Mi]te, TY PASTOR rhaeerker paren aed medeioet| recdicke me = = Ferd Maige Ch penymeenp Iomglemards “AS in crac ce d in } {atry Patter an d 
cole — rar Dace. merece ine. AE GL Gh = ceed beets Dose vet eres lee ol 
fvLE. “CSAC LED De i ge A Bec, STi Prey Peainees. tieechtoreel 


fl “ter eogas ta hamenaliee © oan 2a] renga the Chamber of Secrets” 
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Water jet-powered flight 


How do these jet ski accessories use water to keep you airborne? 


re could be some time to wait before up large amounts of water from the body of the release of water downwards, a pilot can 
I we are commuting to work by jetpack water the PWC sits on, and pumps it out the utilise the generated force to fly in the air. 
or hopping on a hoverboard to go other side. The expulsion of water penerates The first hydroflight jetpack, JetLev, came 
shopping, but hydroflight is iving us a enough force to move the jet eld forward. from inventor Raymond Liin 2009. He 
alimpse inte the future of lying transport, When thatexpelled wateris pumpedintoa Initially attempted to house a motor capable 
Ditching the concept of the combustion hose rather than back inte the ocean, that of generating enough thrust on his back, but 
engine for water power, hydroflight jetpacks Henerabed force flows through the hose, it wasn't until he outsourced that task toa 
and flyboards are firing people up in the air, leaving the jet aki stationary. By placing a PW that his invention really took off. Liand 
albeitwhile tethered to a motor, The jetpack at the end of the hose and directing his JetLev rose from the water's surface, 
principle of hydroflight involves using a jet starting a whole new industry that has 
ski or personal watercraft (PWC) to generate it TT I expanded enormously since then. 
enoueh force through a connecting pipe to Directing the release Now a common sight at many popular 
lila penn -ost oboe of water GOWNWGOTCS, _ hotidaydestinations around the world, 
When the operator turns on the jet ski's g pilot con utilise the hydroflight has diversified from the jetpack 
throttle it causes the motorised blades design into flyboards and eveninto flying 


beneath to accelerate. This ‘impeller’ sucks generated force to fly” jet slcis. 


4 Participants of Flyboaard Record 
intemational cartreme water sgorts 
e , festival in Fussia, SOL 
4 










Connection 

Watar puriped tram the jor si's 
miatar trans up thie hee amd cut 
tirduoh the zttached ‘lynne 


Impeller 


The SL ski sucks uo wale: 







Piyboards use the force 
of the weaker 20 propel 
ihe upward 
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OID YOU KNOW? The word record for the most flios using o woter jetoock ino minute is 29 








Pilot 

Warnleininy Useir valerie, 
he pio conch the 
lvboardl's direction by wsivts 
thee Boety, Sarnia be hits! 2 
sreeubrer tier Lures 








Remote control 

hile Unruh te wsualke corbreoled 
by enirslruclor seabed ar a jel 
oki, profescicrel Pyboanders hod 
2 rere contra ta ater the 


[evever That's generated 


Flying 
with water 
How these water-driven 

boards launch into the air 


Nozzle 
Inorder bo geneete an upwercs 
motion and lift the pilot tbo the air, 
water directed duwmwercs binaugh 
law rules, poslioned aoroes Lhe 
weigh of ire gilol to provide belance. 


=. Flyhoard 


Jtleing the forse of the purnped 
mand provides a 
fur ace for the pilal lo stance as 


he waler pels corarrevards. 


waler. a The 


PW 


main crieng force behind 
Hyde ligitt 1g aa 
‘ating engine far a acer. 








The persaral watercraft in the 


Up, up and away 


Flying high in the sky, French inventor 
Franky Zapata has taken the concept of 
hydroflight fhyboards and created the 
world's first jet-powered hoverboard. 
Having previously excelled in handroflight, 
Zapata set his sights on the sky, 
untethered by water propulsion. 

With the aid of two compact jet 
engines, the Flyboard Air™ drinks 
paraltin fuel held in the pilot's backpack, 
which holds enough to sustain a ten- 
minute flight. Grossing the 35 kilometres 
of the English Channel earlier this year, 
Zapata reached speeds of up to li fkph. 

His demonstrations have also revealed 
the potential for the technology's military 
applications, from flying soldiers to 
hoverboard stretchers. ~ 
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How a Polaroid 
camera works 


SCAN HERE 


Magnifying 
eyepiece 

Aycunaed iiirpor Gourncats 
fol reys lo he eyepiece, 
where bre chiobogracher 
fan view adeer ciehuire 
af what they're caotuiring 


Take a look inside the instant camera that inspired 


eenerations of photographers 


he invention af Polaroid cameras marked The camera’s 
= 
mechanics 


the beginning ofa mew era for 

photography. Today, we may take for 
preted the ability to instantly analyse our 
photos - zooming inon details ona digital 
acteen before declaring the result unsuitable 
ated taking another. 

Bul prior lo Le rue, pholopraphers bac bo 
Wait between Jo minutes and two hours fortheir 
Photos to be developed, [Fan image turned out 
hadhy your subject could he gone, along with 
VOUL Opportunity for the perlect shot. This was 
unt) one man seughtto change all that. 

Instant photography was brought about by 
Edwin Land, although his three-year-old 
daughter also pels some of thee crecil. When 
Spending a day at the beach, she didn't 
nderstand why she couldn't see the picture her 
father had taken of her, This mace Land ask 
himself the same question, sparkion the ideas 
that circulated in his mind. The outcome meant 
his daughter would prow up never needing to 
Walt fora photograph again. 


“Polaroid 's Land Camera 
gained instant popularity, 
Selling out ing day" 


The frat instant camera appeared in 14.47. 
Natoed after its Inventor, itwas called the Larned 
Camera. Consisting ola collol posilive paper acd 
developing chemicals, the camera worked by 
bringing the exposed negative and the positive 
paper together through rollers, 

Inthe click ofa button, the camera’s shutter 
opened, allowing light to amter. This hit the 
extremely photosensitive film, and the light 
recreated the scene before the camera, 

Light energy ionised the Glin’s silver tialide 
COaLIngSs, converting them to metallic silver 
anomas. The number of silver atoms on each part 
ofthe film was proportional to the lightexposed 
onthe image. After around Go seconds, the 
nevative paper was peeled from the positive 
Image to reveal the Anished photograph. 

Polarold’s Land Camera gained Instant 
popularity, selling out on the linet diay. The 
product made $5 million in its firstyear, and at 
Polarcid’s peak. billion shorwere being 
Snapped a year, 
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The Polaroid Land Sx-"o 
instanthy produced clean 
Photographs automatically 


Motor 


The michor snow expoed 
Tih bowards (he promessing 
roles to eesti 


Tits conpsct. belbery powers 
Line carreras @ecronics. 
pmreier ad [lash syelemns. 


Viewing mirrors 
[hese fist mira are mee of 
alurcirised glass. Wider at the 


fathom, the tragierold crorrcar ecFleocts 


ight ta the gack of the camera 














a ae b Cit i cour k Tal ni | ee lun 








Poloroid's brought smiles to photographs. Before, long exposure times meont most subjects didn’t smile 



























Lighten/darken Life magazine's caver 
contral frat LO? 2 depicts. 
Lsing deta fron the photos|, this the Tascinatian 
control signal's tha shutter ta open Shown towards 

ha Pi niet eT. Wien Land's invention 

the squtbar incrnases exper. 





The ullrasens tive cell debects tie 
light evels in the eevinanirrent so 
Chal [he exposure Gan be 
balanced Tor aach shel 


Four-element lens 
Light erters the camera 
through tic leds. Measurng 
onhy Cid inches. its siz bees 
the camera thnahen folded. 


Two-bladed 
electronic 
shutter 

Cece grassed the 
shutter lets ight ir. 
Light ritigte: the 
production of a pecture 
whee peaches the 
carers tlin 


Fresnel surface 

The carne size a5 the tinishesd 
pecture, che aluminium glass 
Ui graces par 
inch, cistrituring light event 
fete the fire bor better fois 








Processing rollers Developing picture 

The rollers Teed the file cut oe Tha picture i: released cine 

the camera to precent the and the image begins ba Land Cameras were 
posteoraphers with thei image appar on the: “lim. Contrary to renamed Palaraics: 


poaular bebef, shaking the film after the invention of 
ent good far dewdogrrent. polarising diss 
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Inside the Huawei Mate 20 X 5G 


Take a look under the bonnet of one of the new 5G smartphones 


uawel is leading the way in 94, not just 

because the Chinese company has How a 5G Front-facing Camera housing 

ns o In camera This 3 where eau'l find 

created much of the eee phone works This ty 2AMP selfie saneearincrentsdie 
Che initial UR rolloul, The bech sia has also Nera ig the weasen te Sapreres - alone ved 

as . A surprisingly small number af rickets mnnsipeiar ila 
started putting 54 phomes into the hands of . i ; the trig reaboh 2c the bog tiny Desh module 
components oo inke this superlastl device cf the screen, 






cuatnimers actos the country — and chis is one ot 
the first, The Huawel Mate ao 2 aG mode) is 
almost idectical tu the standard Mute 20%, but 























-. an : The screen 
with one important ditterence. [t can take Td 7 inch dicakey haw aesolutennat 
advantage of the new, faster 9G network. [Odi 22d4 - crak gis: you pine! 
The phone ls powered by the Balong seen, iil i hie ea ide 


Huaweil’s lirstseven-nanomelre 96 chipset. 
eupports both the non-standalone |NSA|and 
standalone (4) sl architecnite, which means it 
can get better speeds today, and will go 
ever faster in the future asthe UK 
network improves. 

That, of course, is the big mews here 
But the phone has plenty of other tricks 
Up ils showed. The 7.2-ieth OLED screen 
goes from edge to edge, with only the 
smallest notch at the tap ofthe acreen 
for the camera, Inside, you'll finda 4200 
mAh battery that you can power up im 
just afew minutes using ane of Huawei'’s 
special high-speed chargers. 

On the back you'll find a three-lens 
Leica camera, The main tumera is 4oMP 
allowing you to capture incredible 
details, while an alle camera with a 
telephote zoom lens will help you capture 
distart shots. Finally, the ao4P camera 
Bives you an ultra-wice-anele lens, sayou 
can take incredible landscape photos and 
awesome macho shots, 









Hiuiawe's SS meclal 
will being faster 
Intemet spesds te 
your smartphone 




















Loudspeaker 
Thies tiny ben is the mogin ku peseer tar 
the oboe - all your music and 

speakerpeone call will onnne cut of here 





Huoweil's gkmF compus in Dongguon, Chino, hos its own university ond o vintoge trom to get you orgund 


; The votiaral 
‘Edit note M-Pen offers 
4.055 levels. of 
pressure 
sensitivity far 
natural writing 
and drawing 




















Motherboard 

This soerd houses allot bie 
ohore'’s chigs ard meray, 
brgertanth, Us & the board 
that Poids the plrone's SS chig. 





NFC and antenna 
Tk piece of olrsrig 
enables you te use features 
like corcactlass paymerts. 
It 6 ake heey toa obona 
nonnacts tothn network. 


Rear casing 
The back of the 
Prone i5 the first 
pert you Pers 
Ths vant to get 
insike — althowigh 
it's stuck movin 
veThh aribeetar 


“The phone Is powered 
Battery by the Balong sooo, 


SIM tray The “200 mAb bethery should kee the Pr : 
This Sika tray has vaso slots - oho ruining fora Tullday, but So Huo Wel S fi rst Seven- 
one fara SG SIM card, and one fequires alolo? goer. Thanklulle it caq 


that only accepes 45 cards. fast-change foro power beds! nano metre 56 cn ipset™ 


Yow It Works O57 
























y —~—- 
> = - 
-_ = = 
. a 
é “ 7 
oe 
es 
A —— — 
a 
———————— 
Sem. — 
_ 
wate —S — a 
aie — —_ — mt 
- = : : ‘Oi te — — ana 
~ minis oa ee — tn 
ares ee = = all ae 
a i . = ae: — = 
_ a * — = — 
— oe ap ae. — 
= —_ =. eee - 
= ef a  —= 


Roadtoa 
driverless fu 


In aca of you driving your car, soon your car could be driving you 
5 hy “Wilsa Harvey 


VYerides is testing over 
10 of its driveriess org 
1 Ruse. tracked With 
Moviwal Controls 





ied to be the 


“Companies like Lexus, 
BMW and Mercedes 
plc ore developing this 
was ec ttt inaroundisoo.admiedya — (AMOVative technology” © 
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Oriverless cors con be summoned remotely, so you moy never need to find o neorby porking spoce ogoin 


This ian exaniple of the inte you . 


Could expect inside pays dri 
Mercedes-Benz 


Driving automation levels 


From hands-on te hands-free, these different levels measure how much the car takes comtrel 


Fully manual Driver assistance Steering and speed Environment High automation Full automation 
Like (he cnaparicy of cers In lite level jusbore aspeck  Perlial gulornelion megs detection Able be gclilsell iD things go Hurrearcis eren’l needed for 
thal are currently ar Ue of diving is auloraled Lal the Cer can drive iboe! Tre vericde sla le monilorng wrong. alevel d vehick cen any ascecl of di a8 ihe 























rad, this bye! requires Examples rude tie Horsever, al ie eel the crivng envirireal bol perlormrall 2 vehicle cade il all. Aighly 
person too levery Steering, seed! or me 1S SEN sequaivedd te hirrendverhe Required it Roeyeyee Nunn 2 resconeive ica oe used in 
ASCOT OF clr comialing the brakes veanitar divi the shen teil can stil be used all ooawit ios 
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Crucial components Video cameras 


: Visual inforimabon gicked uc 
Each part of the car plays a vital role in steering and safety bry carnera #4 servt bene 


- tasks that are usually carried aut by furans powerlul processor atch 
== conlnudusly scans be mage: Central computer 
-_ “ toitendily the surroundings 


he bral ot the car, cn 
Perehes all the infarnation 
fram other sensors and 
contns the cars micaerians. 



















Lidar (light detection 
and ranging) 

This heles the care see details 
SEs fare mires red 
panimants, to keen ton wee e 
nrheing safnhy on the right track 


GPS (glohal 
positioning system) 
This sysberr bells the car its 

gosiion, accurabe to 19 relies 


Accident-prevention 
systems 

Alerts ara triggerce when tie 
radar debect: samething inthe 
car's blind sock. 


Ultrasonic sensors 
Clos2 to the ground, these 
Savio) out short ulbresion 
Pulses that cetect nearby 
obetacles ard can teack hove 


Howadriverless “*°" 











Radar sensors 
Radar detects the location oF 

cojects mearky, peevmrting tar 
car from crashing or stnpoaing 
too close to other: objects. 


car sees 


Mot onky can cars now see, but manufacturers 
clainn they can see better than us 





Radar 7 
Camera Rereath tae car's oeetel shal, radar Lidar fee ieee 
Serding out milicne of light 











ir Debeshng ane lines ane cbserves suoundings for hundrars halal aes 
Sy reading 2 gS. Cameras of metres. Garin wa puns oft [SEs Peon eee eee 
Pa 7 Of nearby objects, Ida detects 
=, chects, wdaying infotration on the ai “ k 

FS sunlight ar headlignts light up. speed and direction Hoes ESTE Cork, 
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The estimated impoct on lives soved by driveress cors is on por wath thot of modern voocines 


lone flights were able to iby without pilots 
continuously having to control the plane. Sperry 
Gyroscope Co, was the company that designed 
(he first aulopilol prololype, and gyroscopes scill 
play a huge part in driverless vehicle technology. 

An important first step in developing the 
safety of driverless cars arose In ky, wher 
German cngineer Erost Dickmatins installed 
anes and bo MIcro-processirig modules onto 
asaloon to enable it to detect other objects on 
roads, Using them at the frontand back of the 
vebichy, Lhe eyslen was programed to only 
jocus on relevant objects. Oriverless cars use this 
to ensure that, when on the road, they can spat 
hazards and prevent crashes. 

However, aller pedestrian was killed by a 
driverless Uber car in 2018, questions were 
Taised into whether this new technology wall 
ever be safe enough, While they hold the 
potential lo preventaccicenls caused by human 











a “a SERA ad 


“Gyroscopes 
still play o huge 
port in driverless 

vehicle technology" 


errer, i both mata and aubonomeus cars are 
usioe the road at the same time, there isa higher 
chance of one acting ina way the other doesn't 
expect, Increasing the chances of collisions. 

Currently, Whe closest most hawe pol bo besling 
the transport of tomvornry is using autopilot-a 
feature that Tesla introduced to its vehicles in 
2005. Somewhere beraween taniual and 
Uriverless, his hands-[ree tool for moborvcay 
travel wes provided asa single software update 
for drivers. Qvemight, customers were able to 
experience [usta taste of tie freedom that 
Criverless cars will provicke, 


fof the poad 


The driverless 
future is near 


39.5. 


The global increase 
in the driverkess car 
industry each year 


The number of 
driverless cars 
expected te be 
sold annually 
by 2040 





million 


30. 


Geogle owns a large 
number of self-driving 
cars currently on the road 


90.. 


Fawr traffic Fatalitics 
are estimated to occur 
in the driveriess future 


40. 


Car and car parts manufacturers 
have announced they are working 


towards sel-driving cars 
The time it takes 
: for a driver to 
take back full 
control of some 


current self- 


secon d 5 driving vehicles 


251 bh 


The speed reached by ase ph 
sperts car in testing 


The most common accident 
involving self-driving cars is being 
hit from behind 


4 driverless cars Al could decide 
to risk its passengers’ safety to 
save others outside 
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Power source 


Equipped with fa hettery packs canable 


corepeecehy Trae of carhean ames 1s 


Inverters 


Af The aa cede it 








Ter pillar tracks receive 
a tran the better es 
win Iyerters, wink ater 
the tracks slrection 


Weighty 
Withiait the acdc 
researsners of liggeye, the 
auitaecthea weighs inet arcane 
Teen tons 









Motors 

ander lo gacendicy mounds, Cie 
Sq laica § equipped 
rabors Wat are ale bo delver 220 





Caterpillar tracks 
I 2 fare wey a liters 
Lark can trie aorues 
Jreven terrain, calerpilla: 
racks rerease the 


vail Dees 


wad Pweinivhe ecto oa 
Ll dea _Uigies 
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Why Animals 
live together 


Different organisms can benefit from living with 
each other - butis it always a fair deal? 
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There ore oround 200.000 different species of onimol thot oct os pollinotors 





Nile-chvelling crocodiles 
use leathers) denlists bo 
dean their teeth 


a4 


wiv bowitworkscdniley ¢ ney 


Pallinatlon is the perfost esample af 
Mwlualisin between ten organtsrnes 


urking in the muddy waters ofthe River 
Nile. a crocodile carehally ha lances its eves 
and stroul abowe Lhe surface. On Wie 
riverbaril, a plover bird pecks at the proud. 

Eyes trained on the feathered body, the 
crocodile paddles towards the unsuspecting 
plover before leaving Lhe water ane mounting, 
the bank. With the crecodile’s mouth now tulby 
open, revealing the razor teeth within, che 
plover rushes over as ito greet che lant reptile, 
Rather than fear for its life, i begins bo peck at 
the gaps between the crocedie's teeth, 
collecting ticks and debris as it goes. 
Undisturbed by this feathered flossing, the 
crocodile palionthy veails for the plower bo finish. 

Each benetiting from the removal of parasitic 
pests, this reptile-bird interaction isa classic 
eampleofasymblotic relationship. On a 
‘scraich my back and I'll scratch yours’ basis, 
Tnaly symbiotic relationships in mature can be 
henedicial far both animals concerned. However, 
holevery partnership is equal, 

The principle of symbiosis’ was first outlined 
to describe lichen, a plant-like organism that 
consists of both a fungus. and aleae. twers then 
later applied to different animals that lwed in 


"Many symbiotic 
relationships in nature 
con be beneficial for 
both animals" 







































Tautually beneficial relationships, and has since 
expanded to leclide three dl ferent types of 
relationship: mutualistic, commensalistic and 
Parasitic. Each category describes varying levels 
of beneficial behaviour and interaction. 

When tao organisms both benefit from a 
relationship, itis known as mulualism, Benefits 
ol having a buddy in the animal kingdom 
typically centre around food, protection and 
transport, Where one animal, such as the 
Epyplian plover, betelits [rota lastly meal, the 
other benetits trom the removal) of parasites. 

Examples of symbiosis in this form abound in 
the animal kingdom, Por example, in the 
shallows of lhe Pacifica crustacean dnd sea 
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hrs 


Which are Lipo dispersed by Lie arin ve hen it 
Mmoves on. By vieiting many flowers, bees 
intraduce pollen and fertilise plants on chetr 


There are, he 
ed r ; only ene anteoal benefit: i ing with 
Papplies bo cany dillere “fvoler, Korowil as Oo6 slismrn. Ll'sa 
marine life, suchas the relationship between one-sided deal, but the species will take 
clawnfish an Bdvantage of another without ca gchem ary 


“Species will take 
odvontoge of another 
without causing ey. wae 
them any harm” ene mione’stantcless wins 4 choc 
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i id =al th Wemon 
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Microscopic mutualism 
Sometimes two species can work so well tagether that 

they forma whoke new organism = Reproduction 


4 fungus tepk: ero 


Thenuigh the process ot 
whieh afuingns feeds on 


Toiins that t 
fungus ako er 











OFD YOU KNOW? There ore ot leost1,o00 cifferent species of known symbiotic Gocteno living in your gut 
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Dua Me 
Cattle egrets teaston the insects disturbed hy the 
jeattly ina remimensalistic relate ghlp 


Ant farmers 


The process of farming may seem like a completely 
human concept, but certain species of ant will create 
farms. of aphid livestock. These aphids are used in a 
similar way to our dairy berds, with the ants wrangling 
the aphids and feasting on thelr secretions. 

When aphids chomp down on plant life, they produce a 
sugary julce called honeydew as a by-product - and ants 
lowe the taste of it, Offering protection in return, Fanner 
ants flercely defend thelr aphid stock, even preemptlvely 
gating the eggs of aphid predators, such as ladybinds. 

Although this dairy farm-stybe deal can be considered 
mutualistic, ants take extreme measures to keep aphids 
in check. Aphids are wingless, but lf a colony becomes 
too small or resources are limited, then individuals will 
grow wings to search for greener pastures. That is, 
unless an ant comes to pluck their wings first. 

Observed actlvely removing aphid wings to keep them 
in check, scientists have also found that a chemical in 
ant footprints has a tranquillising effect om aphids, 
making them walk shower and stay im lime. 





Ants act as farmers to keep thelr 
aphid livestack ales 





rn a) 
ABOUT 


UNLIKELY 
FRIENDS 






Crab & urchin 

Often called the: 
carrer crab, these 
crustaceans have 
been observed 
craving along Lhe 
sea floor with a spiky 
sea urchin on her 
back, The crab gains 
an armaured shiek 
against predators, and the wechin 
gels a ride ba new feeding graund=. 


QiieHy 


Mongoose & 

warthog 
Seen biting at the 
ears of warthogs, 
mangeases tae 
pleasure picking 
many at the many 
parasites living 
within a warthog’s 
fur. One species gets 
a tasty meal, while the other gets a 
deep clean. 





= 
Tarantula & frog = 
4 group of frogs, 
called ricrolylid 
frogs, share their 
lealy ormes with a 
group of tarantulas, 
Itis. thought that 
these eight-legged 
bodyguards after the 
frogs protection, and 
the amphibians provides them with 
Parasite remerval services. 





ro 
Zebra &ostrich = 
With poor 
eyesight but great 
hearing and smell 
Fabras seem to hare 
partnered up wilh 
cetiches a5 a sensory 
replacernent bo ceberh 
peectators, Veith 
excellent vision bul 
peor hearing and soe, cetriches also 
berelil freer hear stripy neighbours. 





Goby fish & 

shrimp 
Residing on the sea 
floor, goby fish andl 
pished shrimp werk 
toepether to create 
themschees a perfect 
hone. After the 
shrimp built a 
burrow In the sea 
floor, the gaby acts as a bodyguard 
against predators, 
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How It orks, O67? 





“These spineless worms 
grow within the bowels 
of their host, feasting 
on the digesting food" 


thanks to a spectally toodifed dorsal fin they 
can stick to larger fish for easy travel. Equipped 
wWILh liny, harmless spindles, this suction cup lin 
creates enoueh friction to adhere toa scaly 
sutiace. Ay alightly changing the fin’s shape, a 
Tremor can quickly detach, Without any benefit 
to the shark, recor: etonly conserve erergy, 
butattera shark has tornapartits prey, they can 
scavenge the oating debris. 

Golden jackals that have been expelled from, 
Lhelr pack have also been wilreessed to follow 
another species’ movements to benefit 
themselves, Hoton the heels ofa tiger, these 
jackals will stalk big cats in che hepe of feasting 
onthe recnains of their latest kil. Undisturbed 
by the shadowing jackal, the Oger neither 
henehts from noris hindered by ita activity, 
whereas the jackal might eeta quick and easy 
meal Loge, Ue Liper. 

In parasitism, however, one organiam in this 
symbiotic relationship beneits at the expense of 
the other, The origin of the word parasitism 
TIDAL “ane vehi eats at thee table of ewcietkver’ - an 
appropriate description as most parasites are 
bhlond-suckers or nutrient vampires. Often 



































slowing juslenmoush lo leed themselves, 
Parasites feast without completely killing their 
haar. Ticks and fleas, for exatople, live on their 
host's skin or nestled between their hairs, 
drinking the wart blood of their host masmecal, 
Although just a few drops are more than enough 
to keep these ony organisms alive, they pose an 
infection risk frem the bacteria th, 
Ley cam Lrersrril 

SOME parasites work 
From the inaicde cut, such as 
lapewiorns. Once ingested as larvae, these 
spineless worms prow within the bowels of their 
host, feasting on the digesting teod and even the 
SLrraunding Asaue 

However, to ensure thelr position asa 
palrasile, Leere ace hose thal nove evolved Lo 
become a physical part of their host. Hiding in 
the javes ofits Ashy victims, the tongue-eating 
louse, a ginal marine 
arthropod, slovely 
replaces the tongue ¢ 
its host ish, where it 
remains lndefinitels. T 
palrasile Lakes exploitation bo 
a horrifying new level -in 2014, 
it gave one Arinsh man a fighe 
when he discovered a set of eyes 
starring at him frown inside the coouth 
ofa sea bass he'd freshly purchased 
from his local sapermarket. 


Crustacean got your tongue? 


Discover how this tengue-eating louse replaces its host's tongue 


Tongue-tied 
There ere arcumd 3&0 
bongue-ealing louse 
Boecies in the onsen, 
me preterring fish, 


Through the gills 
Ceriating esigue enters 
through the oils cl arin 
ard makes its wey boevards 
the tongue, 








068 Have 


Works, 


Tight grip 

The parecile then etches 
onto the bongue. gripping 
tigi y with ite gs 


Tasting the 
tongue 

42 4 1gemcparesile, te 
smal crustacean begins to 
Chink Blood trom te tance 


Lifelong friend 

Thaaugh it qeverdeinks encugh blood to kill (he feb, 
Gyeyiatioe engve cantinves bo least uit! the origina 
borg ie Pere wierd aevay, renaining indetinitely esa 
Preeti oho 
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OFD YOU KNOW? Mistletoe is o porositic plont thet con suck the life out of tts host tree 






























Parasitic parents 


Raising offspring in the animal kingdom 

can be an energy-draining activity. 

’ Searching or hunting for food, protecting 

1 them from predators and making sure 
\ N they survive long enough to become fully 
formed adults are endeavours that some 

species don't intend to undertake. 
Qutsourcing these responsibilities to . 

another is a method the European cuckoo ANT 

has come to rely on. Known as brood 


parasitism, these large birds switch one AVOID ALI EN 
of the SOF another bird for their own, 7 

Once Race these very different- PARAS ITES 
leaking chicks vill gradually knock the 
other eggs out of the resident bird's nest, 
leaving it alone under the care of its 
foster parents. None the wiser about the 
feathered infiltrator, the foster parents 
will continue to feed and protect the 


chick until it reaches maturity and 
fledges the nest. 


¥ 
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tl 
A l2-day-ald cuckeo chick berg fed by a foeter 


reed warbler parent OR THEY WI LL 
CONTROL 
YOUR MIND! 


Remora fist attach to the ee 


belly of larger fish far a free 
ride Chrough the weber 












Mind-blaaz 


‘Nan-stab acti 


ATES ay te 


Order your copy 
now from Amazon 
& online stores. 


These feagque-cati 
Parasite: fterally steal a part 
of a fieh's body ard reglace 

it with themsehes 
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dere Volcanoes: 

sound in history = - é 

In 1883, the eruption of Indonesian 

voleane Krakaboa destroyed the island it a i in patel e n ca A ake 
occupied. The enormous blast was heard 


as far away 49 Perth, Australia, and felt in 


The largest erupt from magma 

The largest eruption in modenn tines, it 

killed over 36,000 people. OF these : g j 

fatalities, most of the nearby inhabitants . A ; : 

died fromthennaliniunandmanmers) Larth’s volcanoes connect the planet's surface to its fiery core 
were victims of the resulting tsunami 
when the volcano collapsed, 

The fiery rage of Krakatoa left behind a 
huge crater as its only trace. However, 
S008 a new volcano began to grow. Onak 
Krakatau means ‘child of Krakatoa’, and is 
the name of the active volcano that i ch pouring lav 
currenthy sits in its place, Between the 
Indonesian islands of Java and Sumatra, 
the volcano's latest activity was in 
December 2018 when a section collapsed alt, Title stream of la 
and triggered another deadly tsunami. 
















teaches Lae surlace, Lis called lava. As lowe cools 
nicrock, it forma a seid 


Whena volcano erup wan result irra huge, ol the woleeri. 
c ion, throwing scalding lava inte the Nec 


the form of submarine 
rental these plates creates lava iiestanthy cones 
ahigh temperature chat turns the crust inte water, undenyater eruptio 


sbeios Lorown above the see There : 
ee ee a ee pressures in the Earth estimated ta be over 1 million submarine 


the one in 1883 reached S10 decibels, even louder magma up cracks in the tectonic plates until it volcanoes, Larger ones have the potential to 
than tie alamic bornb exphasions in Wl 







emerges above 2round . hen magi arow above the water and become islands, 


OFO Herve i won bowitworks dolly com 








More thon do per cent of Eorth's surfoce, obove ond below the seo, hos formed from voloonoes 


Volcano variations Shield volcano 


: with stalls shapes, thease worse are 
Fram imega-mountaiins to hollow lakes: how de feetred big Ina visensity (nua fireass. The thine 


different volcanoes ferrrit lv braves far before it cands and sclirdifice. 





Complex volcano 
These vaksances have multiple 
oes stemming trom te 
seme lata Shoew, heey domes 
are farned when lava starts 


Libya yemks. 





using alten 





Stratovolcano Maar 

Scermating between layers of le and ach, highly Mare are shallow craters, 
!S00L8 brea hartiens near the tap of this eoksie type bo aeaedamaon 
fren strep cnnes. tepals. ually locale) 
below ground lave, waler 
often News iba We crater, 
creating 2 lake 









Tuff cone 


Mace of pyrachli: 


lu eones fee 
mith acter 








Caldera bebop 
Sore vdearoes collapse rest when mega ls bot 
nan eruotion. They havea large holes at toe ton, 





Tuff ring 

[hese tonmatons are 
surmmilae ba buf cores. burt 4 
aire ony ace ine Free 
minters high, wit 

ormund-leved craters 
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Pyroclastic cone 
These sinal, Seep solcenic 
Sslructures cast al 
pyrockstic fragments. Hel 






















f ; = 

g2s avd voleanic relies ig 

Soo) ducky inthe air, a0 5 

teggrmerits are oo Se cred i 

ts are f 

Somma volcano noe welded togethe = 


When the onginal cane collagsc: inba 
a caldera, cusbens combrue and lave 
Sits crest: a neve come inside. 





Crater row, fissure vent 
A fow mates wide and many 
dlometres bana, lawa ecugts throwga 
Lava dome fissure yerts without causing 
Caveed by a skrev eruptian of eqpulsiorn. The crssces sal cones 
viscous lava Dat bode up aor be veil. 
urdergraund, 3 mead of earth 
ree: up lo for lava domes. 
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How do clouds form? 


A journey ta the clouds: how alr caries water Inte the sky Rearranging 
Parcels of gir push eect abrer out af the 

5 they organise bers 

‘thenmae’, based on ther bernperaiure. 


mo 





oe Cooling to 
tite form clouds 


it 2 = Cold cir caret hold 3s 


Heating the ground __ ee much weter ae 
5 mS ar £2005, a 















Sunil viks the Barta’: surtewne, 
és tie 4 wa if Wai Coderees Lt of 
radiation, its temperature ses : E =. toe ale ints water 
" * ee cropeets, forming ckiics. 
: % th I. me 
a * ot = - 
] ky eg) 
a a Sy =f a 
‘‘ “ _ = 5 
. a me Tr Landscape impact 
taal 7. . . . 
> a * =. Dillerert berg caases air lo 












finder regions hears up 
SLockhy, while ni rnguinkairrgys 


langscapes alr con's ouickly 





arcuind heats the surrund rey 
alr, causing ot bo become lighter 
Ped See AE 
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Convection ——— ~ “he ise andl opal at citferent rates. 
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OFD YOU KNOW? Despite its cotton-like oppeoronce, on overage foir-weother cloud weighs more thon 400,000 kilogrons 


Clouds that are 
out of this world Cirrus | ee 


Earth is not the only planet with a Fron the Latin ward meaning 
cloud-embellished atmosphere, However, ‘oui oF nal’. these clouds are 
not all clouds hold the same properties. Eni, white ered wept ACTING 35 
On many other planets they are not = storm warnings, 11 
water-based, although thease on Mars are Cirrostratus DOE eas eS lnae 
most similar to Earth's as they also sapabaletg niaeihabaioareaeinapes 
contain water. high evels of rcisuure in iw ar 

Venus is surrounded by clouds of Peones a sill locas Cirrocumulus 
sulphurle aclel, This bs due to the erent di c-wriciadl iaeenceakarai loan 
atmosphere on the Solar System's hottest sane acai tek chapter ea 
Planet being about 96 per cent carbon These rarer hort kk 
dioxide. They move at impressive speeds during cei, fein weather, 
of 360 kilometres per hour in an easterly 
circwlation arqund the globe, 


Clouds on Venus share some similarities Readi 

to Earth's, as they are capable of 

producing lightning. Flybys of the planet h ] d 

detected that lightning occurs at Ipast half t e c ou s 

the rate that it appears om Earth. There are mare than 100 cloud 
Gas giant Jupiter is surraunded by a variations, grouped Inta ten types 

§0-kilometre layer of thick clouds. 

Formed in threes decks, its wppenmeost 

layer is formed of ammonia crystals, Altostratus 

which produce storms hundreds of times Obssuring tia sky with tain 

more powerful than these on Earth. grey steets, albastrabis 
All of the planets in the Solar System 


produce clouds, except for Mercury. the 
closest planet to the Sun. 






afear 






Cumulonimbus 

These uilti-eyel ouids car 
tein at heights of F000 
ce rine, They emerge betes 
hess rain, fall and teemacdses 





Altocumulus 

These conmien clouds gpoear an 
warn Sumner roornngs belore 
cogler allerimorns. Also brie gs 
a sheep-Lacks) bie palewes ric 


sleea's wed ly Godies, 





Cumulus 

These white, rouic and fluffy-lsoeing 

clouds ane closest bo be clouds you 

ornabebly crew as a child. They are 

usually Sea-1 on clear, suring rearing. 
Stratocumulus 
Stratacumulus lock like deheselled 
curnuive chuck. Spaced cot with ble 
sky ribelevween, bey deiirstrene 


week conection in lie alrusphere 










Nimbostratus 
Cwmring the shy ina thick, 
cark grone sheet, these clouds 
Bleck cet the sun and preduce 
WITS PTE MI or src 
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Thermal tent 













































position inthesky. but its distance away ftom e 7 Probartiac covcring for br 

us aswell. In principle this can be determined Inside Ga la sneha iar detbideccib ll 
by measuring the star's parallax = the angular From the outside Gaia may book ine naan anes ae 
change in its Position 25 the telescope moves like other space telescopes, but 

ground the Sun. The prublero is, the angle Inside its design is Unique 


involved is minuscule, and tt gets smaller the 
further away the star is. Until the first 
astrometric satellite, Hipparcos - also operated 
hy ESA - was launched in wes, only about Aon A that 
stars had parallaxes large enough to be 1 keep the 
detected by pround-based telescopes, qulaesaiiaai 
Hipparcos multiplied that figure by 15, 

increasiog it to almost wo0,d00 - but that wis 


Sun shi 


“elt 





qe 





only the first step, Gala is going to measure the Main solar 
parallax of 1 billion stars —@,o00 times as many panels 


8 fing of eloht fold-out 


as Hipparcos. This huge figure represents a | penels attached to the 
sample of around one per cent ofall the stars in bese of the sunt shield. 


the galaxy. Equally important, the sample will 
be evenly distributed across the whole galaxy, 
rather than being limited ta nearby stars, a5 Scientific payload 
Ratacr tania singe 
telesoonpe along the axis of 
the spacecratt, Gaia has a 
; pero belesoopes poimbineg 
Tine lata é nut sitcways. 
Gaia by é 
racked 0 1° 
=e 
ese Service 
module 
This coribairrs lhe 
cauntral ccrmipuber, 
‘eopareibie forthe 
spactecraltt's oientaton 
and hernia 
nanagerien, 2s well 
AS COMM noah ios 
zack te Barth 


Propulsion system 
4 small mechet engine 759 
statior-keeping, dus 3 
cold-qas Tricte-progusin 
syste for fire: adestmertt 
tothe spanecradt’s oriartation 


Downlink antenna 
The sends Gaia’) cals back 
Additional solar ta Earth ac up ta five 
panels Trananits par second for 
4 smaller, feed eng of eight hours per clr 


Solar panels: ell tre 
panes evorking bogether 
generzhe around vs 


kiwis of clectricity. 





Unfolding sun shield 


Gala’s optical Instruments have to 
operate at a-very low temperature, -110 
degrees Celsius, in order to achieve the 
desired measurcment accuracy. At the 
sare time, the spacecraft needs to be 
located in direct sunlight, so that its solar 
panels can provide enough energy to rum 
all the equipment. To reconcile these two 
conflicting requirements, Gaia is fitted 
with a huge disc-shaped sun shield, more 
than ten metres in diameter. Made up of 
12 hinged segments, the sun shield was. 
neatly folded up around the spacecraft 
during launch, before opening cut inte its 
operational configuration ance it was 
safely in space. 
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The term porsec, used by Hon Solo in Stor Wors, is the distonce ot which porollox equols one orcsecond 


Shifting night sky 


It's hard to map the stars when they're moving 


Gaia’s most important job is to establish the 

_ distance te a star by measuring its parallax = 
the arivount it appears to wobble in the sky 
over the course of a year, If stars always 
remained in fixed positions in the galaxy, the 
only Movement during this time would be 

Gala’s annual orbit around the Sun. 50 any 
apparent change ina star's position would 
have to be due to parallax and nothing else, 
and Gaia's task would be easy. 

In reality, stars - including our awn Sun 

= don't stand still; they travel in huge orbits 
around the centre of the galaxy. Unlike planets 
ina solar system, these orbits aren't always 
neat circles oF ellipses, but can be complex 
trajectories. The result, seen from Gaia's 
perspective, is that each star has its own 
Unique "proper motion’ - reflecting its real 
mation through space - on top of the parallax 
effect Gaia ts trying to pin down. This means 
that Gala has to make a whole seres of 
Measurements, spread over several yaars, in 
order to separate the star's steady drift 
(proper motion) from its year-by-year Halo : 
‘oselllatory motion (parallax). star orbit 


Bulge star orbit 


This view of Gaia peor te bunch 
giyes an idea of its huge sim 
sal 





Disc 
etar orbit 


An image: of the Milky Wee 


a and k: sd 
Created fram Gaia's; SHOE 
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History of the galaxy 
. ’ Oor biowdedge of the lining of 
x i. a — sla ‘orinatiorand lie galaxy’s 
Galactic % Changing cherical cangesilion. es 
structure well a3 accurate ages tor its oldest Brown dwarfs — 
Weoargesthe ‘ stars, 201 ne beereecerl: So faint Ley be aknost inramesibie 
“Seems picture yrt « Lo cetect from Earth, Gaia vil 
orf Ehae on ee ‘Ss reyolubore our kro edge of 
og Lan " La th = oe 
on spiral arhs.and these Lity stars. 
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“thawisarids of ate: “is, 
including anns coer ta Farta 
and others beyond Meptune. 


Physics of stars 
Atthqugh avecl-studed figk, then are — Bek 
sil cepedh cor knowledge - fora: _., S J 
exartile ithe aiysics afasty te doers r 
“hott Gaecan fil, 6: 





ie ; ¥ air - 4 ee ra bd _. What Gaia a HY ) 
soe a" * could discover — ) | 


e has . aia oaZn © The observations reece by Gaia yyill bed 
inte virtually every branch of astronomy 













The scale of 
the universe 
Parallax & lie Drsl ror an lite cesrriic 
dislarce ladder, which cen be calibraled bo 
urprecedetied accuracy uting Gaga's tala. 









Fundamental physics 
According ba Erte, sterly Lis gent 
Sighth: a¢ it passes objects in the 
Solar System, Gala can test this 






Planets around 

other stars 
2 Aot bogie theres lo Wea Sats Becker 
fe blescope, Geist high-precision 
SSPSMELAG NESSUS vel 
detect mary core ot these 
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wus Lie case wilh Hipparcos and Une earier 
sround-based parallax Measurements. 
hala wes a trick pioneered hy Hipparcos 
that makes It easier to measure ineredibhy 
tiny parallax angles. Rather than a single 
telescope, it has two identical telescopes 
pointing in different directions. By 
combining the to images and processing 
Libero loge Lier, Lis coeurns Lal only relative 
-rather than absolute - positions of stars 
have to be measured, malcing che casi a lot * 
simpler, CSAs aim is to obtain parallases 
for every star that Gaia looks at -— which isan 
impressive enough goal in itselt But on top ot 
that, Gate has other instruments that will be 
ueelonasubset of the stars observed, for 
example lo coeasuce Doppler shill - which 
indicate a star's velocity along the line of sight 
-— as well as various physical propernes of stars, 
like temperature and chemical composition, 
Observing 1 billion stars cay soured 
challenging enough, but Gaia isn't just going bo 
lonk at each ofthem once or tevice, but arouned 
70 Cinnes, That's necessary in order te ebtaln 





Itolign-French ostronomer Joseph-Louis Logrange wrote obout the points thot now beor his nome in wre 
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sufficiently accurate measurements of parallax, 
as wells the star's true motion through the 
gilaxy. The resull will be one ol Live biggest 
scientific databases ever created - aver io0,000 
pigabytes of raw data, increasing to perhaps ten 
times thatamount after it's all been processed, 
The result - the first two instalinents ol which 
have already been released inte the public 
domain -—will be the biggest and mst complete 
census of the galagy ever undertaken, 


“The result will be one of the biggest scientific 
dotaboses ever creoted — over 100,000 
gigabytes of raw dota" 























Making sense of it 


in the course of Its mission, Gala is 
expected to transmit hundreds of 
thousands of gigabytes of data back to 
Earth. 4 mechanically sbeered radia 
antenna would interfere with the precise 
astronomical measurements, so an 
electronic antenna with no moving parts 
is used instead. After it’s pitked up by 
ESA's network of ground stations, the raw 
data is passed to Gaia's Data Processing 
and Aunalysis Consortium (DP AC) - a team 
of 450 scientists spread across Europe 
and beyond, Their job = one of the biggest 
and most challenging in the history of 
data processing = is to make scientific 
sense of all that data. Once that's done, 
it's released into the public domain ona 
roughly annual cycle. 
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Space elevators 


The idea of a lift to destinations beyond Earth's atmosphere 
has been dreamt of by scientists for over a century 


ravelling into space, a prospect which 

once seemed an almost impossibility, 

could one day be as simple as stepping 
into an elevator, The concept has been studied 
for decades, proposing to transport cargo into 
space. Aiming to eventually carry humans, 
they would provide a permanent and cheaper 
alternative to rockets. 

Imagine petting into a lift, knowing you'll 
reach your level a few days later, or even ina 
week's time. Space elevators will consist of a 
cable that needs to be substantial enough to 
cover the 95,706 kilometres between the 
Earth's surface and the edge of geostationary 
orbit - the point where satellites follow 
Earth's rotation. 

In the proposed design, a cable roughly io 
million times longer than its width attaches 
to an enormous orbiting counterweipzht. 

Gravity working on!Earth pulls the cable 


Making space travel 
less expensive 


Last year, over 100 reckels were launched 
into orbit. When these rockets are used, 

_ parts of them are destroyed and the 
expense required to rebuild these rockets 
for space travel is huge. Sending just one 
kilogram into space using this method 
costs tons of thousands of dallars. 

Hot only is the building of rockets 
costly, powering them with a constant 
supply of fuel adds to this expense. 

This if where space elevators show 
potential. Some predictions state that 
space clevators could make space bravel 
1,000 times less expensive than it is 
today. They would make the worlds 
beyond our planet more accessible with 
reusable climbers removing one 
limitation of journeys into space, 

While the elevator vould initially be 
extremely expensive to build, over tinve it 
could make launches more cost effective. 





Space elevators could mean anend bo this kind of 
rockel-poyered resupnly missen 





downwards towards its surface, while the 
opposing centrifugal force pulls the 
counterweight outwards. 

The concept of a epace elevator was first 
described by Konstantin Tsialkovsky in 
1295, albeit much simpler, Inspired by 
the Eiffel Tower, he putforwardthe 
idea of buildingatowerhighenoughto “= 
reach inte space. The theary made sense, but 
in practice it was flawed, as the bottom of the 
tower would be unable to withstand the 
weight above it. Using tension, the new cable 
system 15 more mechanically viable, 

Unlike traditional elevators, space 
elevators won't use moving cables to lifta 
Platform. Instead they'll use ‘climbers’, with 
people or objects Inside, travelling along a 
single stationary cable. Many ol these 
climbers would need te be moving at the same 
time and in both directions to prevent the 
vibrations disrupting their motion. 

While there have been many proposed 
plans for the construction of space elevators, 
studies show that they are implausible until a 
siitable material that cam support the tension 
created in such a huge contraption is found, 


Engineering 
the elevator 


Space elevators may appear on the 
Maocin before Earth, a5 less gravity 
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The onchor holding down the coble of o spoce elevotor will be os heovy os 70 school buses 


Climber power source 

Wang a morc hi nation of Gases anit 

the sun. thresh soler panes nieac 
ocarcit 





“Space elevators could 
make space travel 1,000 
times less expensive” 


Articulated manned 
ipulat 
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A MEGA PRIZE 
BUNDLE 


To celebrate ten years since How It Works first hit the newsstand, we are giving 
away an amazing bundle of gadgets, games, tech and toys 
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Enter online at 
and one lucky winner will win the lot! 


a) 1792 b)1850 c) 1912 


Alternatively, you can write to us with your answer to this address: 
How It Works, Future Publishing, 33 Richmond Hill, Bournemouth, Dorset, BH2 GEZ 


Terns and Cenditeens: Competition closes at 00:00 GMT on 2? November 20S. By t aking part mn the competition you agree to be bound by these term: and conditions and the 
Competition Rules: we futoretcs.cam, Entries must be received by 00:00 SMT on 27 LL 2019, Goen bo al UR pesedents aged 18 wears or oven The ainer evil be draavn at random [rer all 
valk entries received, and shall be molilied by ermal or Lelephone, The price & mon-lransferable and pan refundable There is is Gash allernalive 
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How lone would it take to 
runa lig year? 


* Lanna Fausth * , 
‘ 4 light Year spans rhea ae Rm hen mil bern kilometres. Let" sassiime that ” 


Because enquiring minds the Funner isasquick asthe world’s fastest ever marathon runner, Cliud ” 


. Kipchoge, who completed the Berlin Marathon in just dver two hours in. 2d28. 


need to know... We'll also say that they" I never age, and they'll newer tire. Even then itwegld ey 


take the runner over §1 million pears to nan an entire light yea r. JH 














LAUR, RIE AAS 





A nmon-top vord- 
record marathon 
runner would ~ 
need 51,9277. 536 
years ba spana 
light year 





Send your questions to... 
£ How It Works magazine 
Ww @HowltWorksmag 


(@howitworksa 
futurenetcom = 














Why do trains always ic ae eagltl 
run on tracks instead | SaaS . aro 
of roads? aan a5" . - —_ 
Jonny Bombardier i | | lysta 7 i 23 : 7 


§ Trains can eo much faster than cars, because 5 | 
there is less friction between steel wheels and Be ; | 1 
steel Lracks Lhan Lhere is belween rubber lyres : I 

ad tarmac roads. JS : 


When was Britain 
joined to Europe? 

Maria Carmen VWiaesqunss 

B Ab0uL 8 ooo yea 10 Brilain wasa 
Peninsula connected te the European 
continent bya landmass, called Dogeerland, 
until a tsunami flooded the area to leave 


Laced. TL 


we 





Do all animals have wisdom teeth? 


Bailey McClellan 
@ Allother bouthed muuriunals have these beech, bulwe have evolved col lo need thre due te our 


modern diet of mainly sotter, cooked tends. Wisdom teeth, aleo known as third molars, erow 
towards the back of your mouth and are used for grinding up very tough foods, such as plants and 


raw meat, 4 
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Can parasites get parasites? 


Abdul Khan 

Parasites that infest other parasites are 
called hy perparasites’. Take cry pt-keeper 
WHEps, forexample. They paragitise gall wasps, 
which patasitise plants. Gall waape trick trees 
into building safe chambers for thelr larvae, 
fortriitie slrnge prow ths culled pulls. 
& When the larvae mature, they usually 
e humow their way out, but coypt-heeper wasps 


How do you get 
bedbugs? 


Dennis Pierre 

Bedbugs are small insects that love to live 
inside farminite, such assofas or beds, and can 
bite humans, leaving ichy marks on the skin, 
One way they cain pet inte your hore is by 
hitching a ride on you, your clothing or 
pssessions ih you've come inte contact with ani 
infested site (like a cinema seat ora hotel bed}. 
Alternatively, they cena bide inside acy burcilure 
or sett furnishing you bring into your home. J& 
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intercept the process. They lay thelr eggs insiile 
the galls, next to the pall wasp larvae. Under 
the influence ata crypt-keeper larva, 3 
gall-wasp larva can onhy chew a tiny hole in its 
gall before it pets stuck, This elves the crypt 
keeper larva Lime to eal Loe gall wasp larva, 
chewing through from tail to head and outinto 
the open, UNA ' 





Why can’t | 
touch my toes? 


Akessia Bartolome 

The main factors in being able to touch your 
toes are the flexibility of your hametrines |back 
af your thighal, the range of motion ofyour hips 
and the length of your arms and torso compared 
Lo your lope. Regular slrelchinng car help you Lo 
touch your tees. IT 









How fast is the world’s fastest computer? 


Aiaertong Xi 
O Sunumit, asupe 
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Can being 


= py help you 
to live longer? 


Maurice Jasper 

® Experts still disapree about this, buta 2015 
study by researchers at University College 
Londen found that feelings ofsatistaction in 
older individuals was linked with an 
increased lifespan. So keep smiling! JH 


Wh é 7 = The Falean Heaney 
at does the ‘D’ in =— 
impartant step im 
: SES ae 
D-Day stand for? 
|_| r 


Clive Burchell to denote the fret day ofan operation or 

B The‘D'in D-Day actually means ‘day, invasion, Every subsequent day in the 
Although the invasion of occupied France, planning stage would therefore be dubbed 
which bepan ond June tga, ie the best-koowe = D-1,a,¢and soon. Military planning also 
operation to featurea D-Day, twas intact a commonhy wed H-Hour to specity an exact 


common term need during military planning hour of the launching ofan operation. IT 


TA 2 ee | When will our next 
— ») , manned mission to the 
ee“ | » Moon or Mars be? 


Ali Puddlechureh 

BOAASA hopes to land people on the Moon again 
ds Gary as 2024, but people visiting Mars bor the 
first time is much more difficult. WASA suggests 
itcould havea Tanned Mars mission in the 
20308, bul SpaceX ambitlously predicts that it 
could wel people to Murs by ao24. As wilh any 


» 
aA 








Treape fram 48th Royal Mapes *) ambitious new development, there is.a lot ot 
‘ an oles Frame —. mee uncertainty berause the financial and terhrical 
rire Ove y Lerche igs , | 
ne challenges are huge, TL 
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Do I have to eject my 
USB drives before 
shutting down? 
Kathe MeClelland 

Irs recommended that you ‘eject’ a USA drive 
Solore | erooval bo pre | 


edure will 


fi. To remove 


per shut 
stop che transter ofany Ales, 3 
WUSB aller the compute 





Discovered im Eey pt inp, this brokers 
piece of stone slab bears an inscription about 
Prolemy Von the irstanniversary of his 
coromatlon in 26 BCE, The same Toessape is 
written in three diferent types of writing 
iacripte: Ancient Greek, hieroglyphs and 
demiotic Egyptian. The stone ds important 
because [tL enabled scholars to decipher 
hieroglyphs bor the firet time. LM 
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1 Organs 
= 
can | live 
| 

without? 
Ftaj Hart 

The hunian hoch is surprisingly 
robust acl rather amazing sy can 
st] function ever whten Cussine a 
multitude of organs. Some ofthese 
organsare (nessential but help to 
delend us against harmful 
Tcrorpanisnis, SUCK ae our teil 
and appendix. And insome cases we 
have a spare, such as with idneys 
and lungs. Overall, a person could 
continue to lead a fairly normal lite 
without anappendix, tonsils, a lung, 
akidney, the spleen, some lymph 
redles, adenoids, gee Orgs, a heap 
of bores trom the ribcage [up to sia) 
and the fbula inthe calf. JH 


The hiinian bey 
is verry robust ane 
fan continiss to 
survive without 
several organs 


What is the biggest 
tablet device in 
the world? 


Jebb Stones 


Le April Pools 
10 Lo Le 42-inch sLablet by 
‘pest Teal-life tablets we could find are the 


fa Home goo and the .8.4-inch 


15 








o. The 





Why are there so many castles in Britain? 


Laura Torres: lands. Other castles were built by invaders to coastal forte, or later as homes. Castles were 

Britain was in astate of civil war tor much of stamp their authority, such asthe motteand alas builtwhen England, Scotland and Wales 
the Middle Ages, as nohles feuded with each hailey castles kilt after the Norman Conquest,  fnughtwarswith each other, Asa result ofthis 
olber or revolled against ihe king, Lords and ALother times castles were buill to defend long and warlike history, ower 1900 castles 
kines built castles bor protection acd to control against loreien invaders, like Henry VII's were builtin England alone. Th 
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Where does the phrase 
‘cold feet’ come from? 


Samuel Thorn 

People have been using the phrase ‘cold feet’ 
to Tiean having second thoughts for atleast ino 
years, ul noone is quite surewhy, Some people 
think the phrase comes from soldiers 
complaining of frostbite betore battle so that 
they wouldn't have to ight. Others point toa 


What is echolocation, ° a sinmilar phrase inan Italian proverb from the 
J 
and which animals : ae TST mS 1G008, where to be ‘cold in the feet’ means to have 


h : it? no money. TL 
ave It: 
. There are many 
Nora Rigby theories as to 
© Animals inthe air, underground ane Pf | ialiy vase Gay 
underwater can't rely on si One to ¥ . me ‘cold feet’ when 
2 1 someone has 
SmROore 
thoughts 


tling ultr 
the mouth or moe 
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BOOK REVIEWS 


The latest releases for curious minds 





Interplanetary Robots 


True stories about unmanned space 


missions, past and future 


8 4uthor; Rod Pyle @ Publisher; Prometheus Books. 
B Price: £14.99 / $18 Bb Releese: Out mow 


here are plecty ol stories about Earth's 
TT nse Space missions. From triumph ta 

tragedy, the personal stories of those 
brave mien and women have been told in every 
Jormial - TV shows, inlerviews, books and Lilies. 
But while we are always keen to hear the stories 
ofthe people who have visited the stars, the 
sane can't often besaid for the machines that 
have dure the same. 

However, in recent years, with tunding te 
agencies like VASA cutback, manned missions 
have been the minority And, kely buoyed bey 
clever, anthropomorphic Tyilber accounts, Lae 
interest in unmanned missions has risen. Por 
aTvone excited about Curiosity’s ongoing Mars 


mission or lntrioued by the prospect of the AREE 


rover landing on Vers at sore point ic the 
tuture, this book will surely grab yourattention. 

Forusing entirely on the unmanned space 
missions ofthe past and future, dotermlanetary 
Alobots bells Lhe stories of comikiod’s previous 
attempts [both successful and not} te chart the 
stars and explore the planets in our Solar 


Syetem. Inalbernating chapters, author Rock Pyle 


Jugks back atone of the pioneering spacecraft 
that helped us glimpse new parts of cur Solar 
System, and fanire missions that may help ws 
understand more about our universe, 

Pyle chris on his experience yeorkirig ul 
NASA's Jet Propulsion Laboratory |[PL), and 
Includes regular anecdotes about his 
experiences on Che bear, We also bear 
about the moment that Mars ‘died for 
an eipht-year-old Pyle as Mariner 4 
heanted the first grainy photos of 
barren desert back to Earth and 
sbatbered the dreans al science- 
fietion writers everywhere. And 


| “Despite being 


entirely robotic, these 


missions hod human 
stories ot their core" 
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the murients belore the Curiosity rover landed 
ae heand otherspace journalists waited 
patiently together at Was4 to see the results. 

What the hook does a great job ofits 
HiBtliBt lire bow, despile bein ecclirely robotic, 
these missions had human stories at their core. 
He tells these stories — and those ofthe missions 
themselves - inengaging prose. And as he looks 
to the future, he's sure to spark excitement in the 
Erowing number of us looking to the stars. [t's 
unlikely all the missions he mentions will reach 
the launchpad, butas WASA and others set thelr 
sighs on Lhe Moc once more, this book isa nice 
WAY 00 prepare, 
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Science 
The Sh*t 
Out Of Life 


Anything Matt Damon 
can do... 


8 4uthon Colin Stuart, Mun Keat Lood 
§ Publisher Andre Deutsch 

§ Price: £17.99 / $70.05 

8 Aelease: Gut mea 


Mark Wetrey in The Mdawtian survived bei 
stranded on [Mara by using a whole load of 
science, and while it's unlikely that any ofus 
will ever have to lace thal particular 
scenario, there are still a number ol ways 
thatit can be applied to everyday life. 

For the most part, the conund rims that 
Colin Stuart and Mun Keal Looialtemp to 
resol ane that bit care trivial: brow to core 
a hangover, how to bea better saverand the 
best way ta ger kenchup aut ofa hettle, Mar 
allolthemare especially helpful pwe're 
lonking at you, hangover solution - don't 
drink really doean't count, butsome might 
have you surprised. 

Relreshingly this isin’ number-heavy 
either. While some books of this ilk focus 
purely on the igure-crunmching, this is more 
forused on keeping things fun and relatable, 
antlappedling lo lie regular reader ralber 
than the average scientist You do want to 
know how te build the perfect paper 
aeroplane, rahe? 

Solin short, this isa handy manual for 
those who need help navigating some of the 
more trivial decisions in life, orwho juat 
want to see things from another direction. 
Either way, there's plenty of fun to be bad, 


wk 
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Believe It 
Or Snot 


Who nose what 
to expect? 


8 4uthor Nick Caruso, Danl Rabakottl 

BS Publisher: Quercus 

© Price: £9.99 ¢ $16 

@ Release: If October (UK) 22 October (WS) 


We were fans of Troe Or Poo— probably hecause 
Of the tithe, bo be honest = 20 il was always going 
to be likely thatvre would find something to 
enjoy here too iagain, mainly because ofthe 
ttle) And we weren't disappointed. 

Saying hal, the lille isa bil ofa misnomer. It 
ien'tjustiocused on slimy creatures: everyday 
mammals like cirates and dogs have their 
nostrils and their contents put under the 
microscope, and the chanecs are you'll like 


My STEM Day: Science 


Your guide to everything 
around us 


B Author: Anime Poors 

§ Publeher: Carlton Kids 
© Price: £7.99 (approx S1Op 
B§ Release: Gut now 


STEM iacienre, technology, engineering and 
mathemaricay is benefitting from an increased 
focus, andil's a handy thing lo have some 
aptitude tor. With thisin mind, it's perhapsa 
food idea to get your kids familiar with it early, 
which iswhere this hook comes in. 

We always like science when it’s being taught 
ina relatable and relevant way, and the author 
hae clearly taken the same approach here, 
talking us through the processes that happen 
enoccagions lie Lhe scheal pun, eerecisirig, 
and gardening. The diaprams thatare 
included are helpful, but what caught our 
eve was the Interactive guides, which really 
heep Lhe locus on inberaclive learning. 

We wish our textbooks at school were more 
like this. Even so, we're glad chat bids today wall 
have the opportunity te benefit from the wealth 
accessible knowledpe this book ollers. 


wkkkk 








BOOK REVIEWS 


Inventor Lab: 
Awesome Builds 
For Smart Makers 


DK gets interactive 


§ Author: BK 

§ Publisher: OK Chikiren 

§ Prine: £12.99 Cfapprox $16) 
B§ Release: Out now 


We're creat fame of DR and the waythe 
publisher seamlessly blends excellent 
pholop raphy and illustrations with 
enlightening articles amd captions. This 
bool, however, comes with a diference: 
rather than reading about how things work, 
YOU pel bo make them work yourself. 

Starting with the very basics, suchas 
Buides to circuit components like capacitors, 
resistors and transistors, and how to use all 
Lhe required equipment, i then lakes you 
throweh how to create various devices. 
These include electromagnetic cranes, door 
alarmsand evena remote-controlled snake. 
There's no shortage ofoptions here, 

Even ii you don't have the necessary 
equipment on hand to create some of the 
things in this book, there's still plenty to 
recommend. The instructional annotations 
serve dn educational purpose, as wellasa 
refresher for those who have unlearmed 
what they previously knew, 

Inshort, this has all the production values 
Fou ve cone to expect trom DE, who are 
probably rivalled only by Haynes in terme af 
sheer ingenuity. [Peon re yet to discover their 
delights, slarl by gelling this one lor your 
budding young invertor. You veon't reeret tt. 


rkkkek 





whatyou find, Wane to kt hewtoach slime a 
haglish can produce ina minute? Reckon birds 
aren't especially snotty, tor lack ofa better 
word? You could have your world racked. 

Inevitably, its appeal be nore for youn ger 
readers. Some spoillsports lend lo prow oul of 
this subject matter. [tyou haven't, though, then 
this is something that might well be worth 
alcking up, 


thik 
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LIGHTNING 
CARBON 
BIONIC 
ICEBERG 
POLAROID 
DRIVERLESS 
ANTARCTICA 
SYMBIOSIS 
VOLCANO 
GAIA 
WATERMILL 
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Sudoku 


Complete the grid so that each row, colurnn and 3x3 box contains the numbers 1to9 
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Make a fire snake 





Get 
in touch 


Send your ideas to... 


# How It Works me 





Create a snake using sugar, baking soda and an amazing chemical reaction 


ff 





Create your insulator 

To tnake your snake, first peta large bowl and 
then fill itwith sand Ask anadult te douse itin 
lighter fhiid. Sand is fireprootand works ven well 
asan insulator, so itshoule keep the howl 
prelecled when things start to heat up. 


The lighter Quid willactas {wel and helps 
maintain the heat ofthe fame bor longer. Next you 
need ta mixten grams of baking soda (sodium 
hiraThonare| with ~o crams ofsugar, Pour this 
mixture onle Line sand, 





Carbon snake 

The reaclionalso treales sodium carbonate, 
and.as the carbon dionice pas is created, the 
pressure pushes thisupwards. The black 
coloring comes from the carbon in the mixture, 
I'S gelling Big now! 


Snake attack! 

Altera litle while, a large black blob will 
appear in the mixture and start to grow bigger. 
This is because as the baking soda and sugar get 
hot, they both release carbon diogide gas, vehich 
ora ins Woex poe, 


“ye tried out any of our experiments -o 


some of your can — then let us | 











Light it up 

To light Die nist), you Ll eed a lone 
necked match ora long-necked lighter. Askan 
adultto help, and be very careful - the lighter thaid 
willignitevery quickly. ao dent ger too close to 
the Date. 





r 
med wae | 
ke" a 
The snake's tail 
Aller awhile - probably around 2o minutes - 
thee Hames will start to go out and the snake will 
stop getting bigger. ll ofthe baking sodaand 
auigar have been used up at thisstage, so there's 


nothing lett bo burn, 


ee ee eR 
conducted 
new! Share your plates or 


sith us on social media, 


take cane eyhen bored ing cencndsily hazardous cou pment or evher vaorking veth ckectrer ics ard 


boli the rearweactiner’s ineinpctione: 


064 | ney tT vlorkes 
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Book of the 
Elements 


Since ancient times, scientists and 
philosophers have attempted to 
discover, classify and synthesise the 
Earth's elements. Now, thanks to the 
hard work of dedicated individuals, 
we have the periodic table: the 
ultimate guide to the elements, 
organised by atomic number and 
electron configuration. In the How 
It Works Book of the Efements 
We introduce you to the basics of 
elements and compounds, a5 well 
as taking a more in-depth look at 
the history of key discoveries. Every 
known element on the planet i 
covered in detail, fram lanthanoids to 
actinoids, alkali metals to transition 
metals and halogens to noble gases, 
You'll find everything you need to 
know about the universe's building 
blocks right here. 


Book of Combat 
Machines 


The introduction of the first tanks 


during the Great War marked the start 


of an arms race that has continued 
to this day, and a5 we get our first 
glimpse at the next generation of 
military machines, it's incredible 
to think how far technology has 
come. In this new edition of Book 
of Combat Machines, we chart the 
history and development of these 
awesome military vehicles, from the 
fearsome German Tiger tanks of the 
Second World War, to the rise of the 
nuclear-powered submarine, to the 
hi-tech fighter jets that now rule the 
skies. We'll show you all the facts and 
figures you need to become a combat 
machine expert, as well as breaking 
down each vehiche for an inside look 
at the technology that makes these 
tanks, choppers and battleships tick. 







Book of Amazing 
Technology 


Today's world has been shaped by 
Innovation in technology, so much 
60 that modem life is incomparable 
to that of mere decades ago; how 
We communicate, travel and explore 
our world is almost unrecognisable, 
Smart gadgets and domestic 
inventions like mobile phones and 
drones have revamped our daily 
lives, but we often forget how the 
word has gradually evolved around 
us thanks to pioneering minds 
and engineering genius. So take a 
look ancund you and imagine what 
your life would be like without the 
amazing technology featured in this 
bookagine. It's time to celebrate the 
coolest concepts that have come to 
fruition, including robots, electric 
vehicles, interstellar travel, virtual- 
reality headsets and superdrones. 
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Speak your mind... 


A word to 
the wise... 


B® Cer HIW, 
Veliy cio wee Have wisdom beth and why are Chey 
called ‘wiscom teeth’? 


Willow Collinwood 


Thank you for your question, Willow. I eens 
strange that as adults four new teeth should 
erupt at the back of mouths, especially as we've 
managed to eat food perfectly well without 
them. Hawever, once upona lime, our ape 
ancestors needed thas dental late bloomers bo 
Survive, Around 100 million years ago early 
humans chawed down using only their bare 
hands and teeth, until around 2.6 millien years 
age when they began using tenols to cut up food. 
Wisdom teeth, or our third set of nvolars as they 
are also known, are flat and wide teeth tasked 
with grinding down food - cubtirg it is the job of 
gur incisors. The reason these molars sprout up 
later on in life is down the size of our jaws. 
Typically erupting between the ages of 17 to 25, 
these often painful protrusions can only break 
through our gums once our javes are big encasgh. 
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Get in touch 


Ifyou have any questions or commnents for us, clease send thern te: 


f How It Works magaging 


| I'S been reported thal Gtr averagelin 
millign Americar get their ite 
teeth renndwed gach i 


Although our ‘achult" testh wsusallly comer at 
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